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ASPHALT IN ROAD CONSTRUCTION 














ASPHALT CONCRETE STREET AT NORFOLK, VA., 1914 


I the materials used for road construction 
probably less knowledge of the properties 
and characteristics of the bitumens exists 

in the public mind than of any of the others. These 
bituminous materials may be divided into two 
classes—(1) those consisting of or containing petro- 
leun or asphalt, and (2) those consisting of or 
ontaming tar products. 

lo the layman, asphalt and tar are only black, 
sticky substances. This is evidenced by the fre- 
quent tendency to confuse them or to use the terms 
synonymously. Although both are composed mainly 
of hydrocarbons and their derivatives, tar is a 
product obtained chiefly by the destructive distilla- 
tion of coal in the manufacture of gas or coke or, 
in the case of water gas tar, by the cracking of oil 
Vapors at very high temperatures, while asphalt is a 
semi-olid or solid substance formed by the partial 
evaporation or distillation of certain petroleums. 
This definition applies whether such distillation or 
evaporation has occurred in nature, as in the case 
of tle lake asphalts, or has been conducted as a 
tefiniig process. The distinctly different nature in 
derivation of tar and asphalt and their different 
behavior when incorporated in a road makes it 
highly desirable that the two should not be confused. 


(3) 


ASPHALT AND ASPHALTIC PREPARATIONS. 


It may be well to explain further in popular ver- 
biage some of the terms used in connection with 
paving asphalt and asphaltic preparations. Thus 
a refined asphalt (R. A.) is one which has been 
brought into such a condition that it is suitable for 
direct use or may be made suitable by the addition 
of a flux. Asphaltic cement (A. C.) is an asphalt 
which is of suitable consistency for direct use in 
highway work. If a refined asphalt is too hard for 
direct use it is brought to a suitable consistency by 
combining it with a flux. When an asphalt is manu- 
factured from petroleum it is usually made directly 
into an asphaltic cement, although it may, if desired, 
be turned out in a much harder condition. Crude 
native asphalt is almost invariably subjected to a 
refining process, which consists simply of removing 
the water and more volatile hydrocarbons and 
skimming off any vegetable matter which may rise 
to the surface of the melted material. 

The flux used is generally a residuum produced 
from petroleum by distilling off the lighter and 
more volatile constituents. It may be mixed with 
melted refined asphalt in proper proportions to 
form an absolutely homogeneous fluxed asphalt or 
asphaltic cement (A. C.) of any desired consistency. 
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An asphalt cement of suitable consistency for a 


given purpose may be thinned to a fluid consistency 


with a volatile petroleum distillate, and the resulting 
product is called ‘“‘cut-back” asphalt. Upon ex- 
posure this will rapidly become asphalt cement 
through evaporation of the light solvent. An as- 
phalt cement may also be thinned to fluid consist- 
ency by the addition of water, provided an emulsi- 
fying agent, such as soap, is present in the mixture, 
and the resulting product is called emulsified 
asphalt. The term ‘‘liquid asphalt” is sometimes 
applied to a fluid petroleum product or road oil 
which is highly asphaltic in character and possesses 
the property of adhesiveness or stickiness to a 
marked degree. An asphalt petroleum is one which 
contains a considerable amount of asphalt dissolved 
in the lighter oils present and from which asphalt 
may be readily manufactured by evaporation or 
distillation to remove these light oils. 


CHARACTERISTICS OF ASPHALTS. 


The suitability of asphalt for road building pur- 
poses is determined by certain properties which 
long experimentation and observation have demon- 
strated to be essential. These properties or char- 
acteristics are indicated by the penetration, the 
ductility, the flash point, the loss by volatilization, 
change in consistency after subjection to heat test, 
the specific gravity and the solubility in stated 
solvents, usually carbon disulphide or carbon 
tetrachloride. 

The hardness of an asphalt is expressed as pene- 
tration, which is a measure of the depth to which a 
standard needle will penetrate it at a standard tem- 
perature during a definite period of time when the 
needle is loaded with a known weight. Unless 
otherwise indicated, the temperature, weight, and 
time factors are understood to be 25° C. (77° F.), 
100 grams, 5 seconds, and the units of penetration 
to indicate hundredths of a centimeter—thus, a 
50 penetration asphalt is one in which the standard 
needle under standard test conditions penetrates 
to a depth of 50 hundredths of a centimeter. Thus, 
the softer the asphalt the higher is its penetration. 

The ductility is expressed as a measure of the 
distance which a standard briquet of the asphalt 
will stretch without breaking, at a standard tem- 
perature, when the ends of the briquets are pulled 
apart at a definite rate of speed. The temperature 
is usually specified as 25° C. (77° F.) and the rate 
of speed as 5 centimeters per minute. Ductility is 

then expressed as the number of centimeters which 
the test specimen will stretch without breaking. 

The flash point of an asphalt is that temperature 

at which it evolves vapors which ignite upon con- 

tact with a flame. This temperature should be 

higher than any to which the asphalt should be 

heated during its application in highway work. 








The loss by volatilization of an asphalt is thi 
per cent by weight which it loses when a sampl 
is heated and maintained at a temperature of 163 
C. (325° F.) for a period of 5 hours under standar(! 
conditions of test. 

The determination of specific gravity and solu 
bility needs no amplification. 


ASPHALT CEMENT SPECIFICATIONS. 


The consistency of asphalt cement as determine: 
by the penetration test should be varied in accord 
ance with conditions of temperature, traffic, and the 
type of pavement in which the asphalt cement is tv 
be incorporated. The following table gives the 
Bureau of Public Roads’ penetration limits for 
different types of pavement under different condi- 
tions: 


Penetration limits for different types of pavements. 


Penetra 
Type of road. Location. tion at 
25° C 
——— macadam.......... .--| Northern United States .. 120-15 
La aueeeUneansheeunuesues-eh ...---| Middle belt, United States 90-120 
= Ce Peek tana eens tee ae sewers Southern United States Si 


—— concrete, coarse graded........| Northern United States 70-80 
..-. Southern United States. . 60-70 

Northern United States. . 60-7 

‘ Southern United States. .. 50) 

... Northern United States . 50-6 

. Southern United States. . 40-5 
Heavy traffic, Northe m |.... 
United States. 


These penetration limits are only general, and in 
cases where special conditions of climate, traffic, 
and nature of stone are to be met it may be neces- 
sary to vary these limits. 


TYPES GCF CONSTRUCTION. 


The most common types of roads and pavements 
in which asphalt serves as a binder are asphalt 
macadam, asphaltic concrete, sheet asphalt, and 
asphalt block. 

Asphalt macadam.—The maximum value of as 
phalt macadam for relatively heavy traffic has 
seldom been developed because of the fact that its 
foundation has not been properly designed for such 
traffic. This, coupled with careless or unscientific 
methods of construction, have in general placed the 
pavement upon a lower plane of efficiency than it 
deserves. Provided careful attention is paid to the 
details of construction, the asphalt macadam will 
in many cases prove not only satisfactory but 
economical. 

Foundations.—An existing macadam or Telford 
makes an excellent foundation for asphalt maca:am 
pavements, provided it is sufficiently thick and \vell 
drained to afford adequate support. Too often the 
thickness of the old road is overestimated. In many 
cases pavements have been laid on old broken-s' one 
roads, presumably 6 inches or more in thickiess 
which in reality averaged but little over 2 inches 
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ROLLING TOPPING COURSE OF ASPHALT, RHODE ISLAND AVENUE NE., WASHING 


of true broken stone. Under such conditions failure 
of the new pavement is almost sure to follow if 
subjected to heavy loads when the subgrade is wet, 
Broken-stone foundations for ordinary traffic should 
seldom be less than 6 inches thick, and for heavy 
traflic should run from 8 to 12 inches in thickness. 
Deliciency in thickness should be remedied by the 
addition of fresh broken stone, which should be 
thoroughly rolled and filled with screenings to make 
a jinished macadam. The old road should prefer- 
ably be disturbed as little as possible, but when 
badly worn into ruts or potholes, or when it is to be 
ma‘ecrially widened, scarifying, reshaping, and bond- 
ing with water may be necessary in order to prevent 
irrevularities from showing up in the finished pave- 
ment. 

O\d gravel roads may sometimes be utilized as 
fou dations, but gravel carrying a high percentage 
of c:.1y can not be depended upon to support heavy 
loads. Old brick, block, and concrete pavements 
make satisfactory foundations, provided all bad de- 
pressions are first patched with either hot or cold 
mix .sphaltic concrete. 

Geierat features of construction.—The asphalt 
Macadam is laid upon the prepared foundation in a 
single course of large size broken stone of about the 
Same dimensions and grade as in ordinary macadam 
Construction. A wider range in types of rock may 
however be allowed owing to the fact that the 


TON, 0. C., OCTOBER, 1919. 


natural cementing value of the rock may be ignored. 
After rolling the layer of coarse stone, hot asphalt 
cement is applied in such quantity as not merely to 
cover the surface, but to flow into the voids between 
the stone fragements and thus penetrate the entire 
wearing course. Application of the asphalt cement 
may be made either with hand pouring pots or 
mechanical distributors as later described. After 
such application the surface voids are filled by 
spreading and rolling in a thin layer of stone chips. 
All surplus of stone chips and dust is then broomed 
off of the surface and a second application or seal 
coat of asphalt cement is made, covered with stone 
chips, and the pavement completed by rolling. 
Spreading and compacting coarse broken stone.— 
Before laying the pavement all excess dirt and fine 
material should be swept from the surface of the 
foundation. This will not only promote a closer 
bond between pavement and foundation, but will 
tend to prevent the broken stone from becoming 
coated with dust and thus interfere with the adhe- 
sion of the asphalt cement to the surface of individual 
fragments. As the completed thickness of the pave- 
ment is usually made from 2 to 3 inches, the broken 
stone should all pass a 2-inch ring. It should con- 
sist of sound, durable, and angular fragments of 
uniform quality and should contain no dirt or other 
objectionable matter, occurring either free or as a 
coating on the stone. Wide variations in sizes, par- 
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ticularly running to small sizes, result in the for- 
mation of spots which are so dense that uniform 
penetration of the asphalt will be hindered or en- 
tirely prevented. Such spots, although not dis- 
cernible in the newly finished pavement, will ravel 
and disintegrate under traffic long before the pave- 
ment has attained its normal life. For this reason 
the size of broken stone should be carefully inspected 
as to suitability. For this class of work specifica- 
tions of the Bureau of Public Roads require a broken 
stone product at least 95 per cent of which will pass 
a 2-inch laboratory screen, and at least 85 per cent 
of which will be retained upon a 1-inch screen. In 
addition the specifications require that from 25 to 
75 per cent of the product shall pass a 14-inch screen. 
Except in special cases which require a different 
method of treatment than here considered the rock 
should be sufficiently hard to prevent the excessive 
formation of dust during initial compaction before 
the first application of asphalt is made. To insure 
this quality specifications frequently require the 
rock to show a French coefficient of wear of not less 
than 7 when subjected to the abrasion test. 

The broken stone should be shoveled and not 
dumped in place upon the foundation. The practice 
of dumping loads where the stone is required and 
spreading or flattening out the piles not only results 
in segregation of fine material, thus hindering proper 
penetration of the asphalt at spots, but also makes it 
impossible to uniformly compact the wearing course. 
An uneven, bumpy road will therefore be the result. 

After being spread uniformly over the foundation 
to the desired thickness, usually about 3 inches loose, 
the broken stone should be dry rolled until the frag- 
ments have firmly interlocked. A 10 or 12 ton three- 
wheel roller is usually satisfactory for this purpose 
and should be operated exactly as in macadam 
construction. The extent of rolling is a most impor- 
tant consideration and should be carefully watched. 
If the stone is not thoroughly keyed together before 
the asphalt cement is applied it is practically impos- 
sible to properly consolidate the pavement for heavy 
traffic after the asphalt has chilled or set. The 
result will be a wearing course, which will develop 
waves and ruts in the course of time. On the other 
hand, if the broken stone is overrolled, dust begins 
to accumulate on the surface of the fragments and 
tends to prevent proper adhesion of the asphalt. 
There is also danger of filling the voids with fine 
material produced by crushing the larger fragments 
under the roller and thus preventing uniform pene- 
tration of the asphalt. Extreme overrolling will 
moreover round the fragments and prevent inter- 
locking. On the whole, however, there exists a 
general tendency to underroll and much unsatisfac- 
tory work in the past is directly responsible to this 
tendency. If during rolling any surface irregulari- 
ties appear they should be remedied by loosening the 


surface and removing or adding coarse stone as ma) 
be required. Such places should, of course, be again 
compacted to insure uniformity. 

Manipulation of the asphalt cement.—The first 
application of hot asphalt cement should be made 
as soon as possible after the coarse broken stone has 
been compacted. Whether application is made by 
hand pouring or by a mechanical distributor, ther 
are certain important details which should be closely 
observed. In the first place, no asphalt should be 
applied unless the entire depth of coarse stone is 
thoroughly dry, and after a rain sufficient time 
should be allowed for drying out. The broken stone 
surface should be clean and uniform in texture and 
should be free from all ruts, bumps, or depressions. 
For this reason traffic should never be allowed upon 
the compacted course before the asphalt is applied, 
and any existing irregularities should be remedied 
before application. This is extremely important in 
spite of the fact that many surface irregularities may 
apparently be rolled out after application of the 
asphalt. Such elimination is more than apt to be 
but temporary. The initial bond produced by the 
asphalt is so great that while the stone may be 
squeezed into depressions it does not become thor- 
oughly compacted at such places, and months later, 
under concentrated wheel loads, the position of the 
original ruts and depressions will appear at the sur- 
face of the pavement. 

Before application the asphalt cement should be 
heated to a temperature between 275 and 350° F., 
which will render it sufficiently fluid to penetrate the 
wearing course before congealing, provided the 
weather is not cold. If heated above 350° F. for 
an appreciable length of time the asphalt will harden 
and may be otherwise injured by coking or burning. 
If heated lower than 275° F. proper penetration will 
be hindered or prevented, and an excess will remain 
near the surface and cause bleeding in hot weather. 
Application of the asphalt should not be made in 
cold weather, and the air temperature at time of 
application should preferably be not less than 65° F. 

The proper normal consistency of asphalt cement 
will vary somewhat with climatic and traffic condi- 
tions, also with the kind of rock which is used. 
Because of relative ease of application in cool 
weather a strong tendency exists to use a softer 
asphalt than is altogether desirable. Such practice 
is apt to produce a wavy road under concentrated 
motor traffic. Penetration limits for asphalt cement 
were indicated in the table given previously. 

Uniformity in rate of application of the asphalt 
cement and its depth of penetration into the pave- 
ment are equally important and should receive just 
as close attention as the proper proportioning «nd 
thorough combination of concrete. A surplus of 
asphalt at any point will produce a soft fat spot 
which will develop into a bump, while a deficicucy 
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will tend to promote disintegration and raveling 
once the seal coat is broken. ‘The proper quantity 
of asphalt to use for first application on a compacted 
course 24 inches thick is from 1.5 to 1.75 gallons per 
square yard. Less than 1.5 gallons will not pene- 
trate uniformly for the entire depth and the pave- 
ment will not be thoroughly bonded. On the other 
hand, much in excess of 1.75 gallons will create 
a surplus which is apt to work to the surface in warm 
weather and cause bleeding or produce general 
waviness of the pavement under the shove of heavy 
traffic. Proper and uniform distribution can only 
be secured by the use of suitable methods. 

Hand pouring.—In spite of the general impres- 
sion to the contrary excellent results may be ob- 
tained by applying the asphalt with hand-pouring 
pots. it is necessary, however, that the pots be 
properly designed and that at all times the spouts 
be kept open for their full width. Two types of 
pots should be used—-one with a slotted spout not 
less than 8 inches wide and the other with a one-half 
inch nozzle. In the former the slot should be hori- 
zontal so that the operator walking directly across 
the road may carry it in one hand and apply the 
asphalt for a full width of 8 inches. When pouring, 
the spout should be kept close to the broken stone 
surface and never more than 2 or 3 inches above it. 
The pot with small nozzle should be used only to 
touch up spots or narrow strips that may be occa- 
sionally missed with the wider spout. Great care 
should be taken that there is no overlapping, but 
that each strip poured makes a neat joint with the 
preceding strip. 

It is not ordinarily advisable to pour the strips 
at right angles to the center line of the road, as 
such practice repeated with the seal coat is more 

pt to develop a washboardy appearance in the 
finished road after it has been subjected to traffic. 
\ better method is to pour the asphalt diagonally 
across the road and, when seal coating, to cross 
the pouring lines of the first application at approxi- 
nately right angles. 

\s an aid to uniform distribution, alternating the 
direction of pouring on each succeeding trip is desir- 
able. Before pouring, the pot should be gauged, 
so that during application it will be emptied on one 
or two trips across the road. Thus a 3-gallon 
charge will cover a strip 8 inches wide and 25 feet 
long if applied at the rate of a little over 1.6 gallons 
per square yard. If the road is, say, 20 feet wide, 
the angle of application for a 3-gallon charge is 
asccrtained by measuring off 25 feet diagonally 
across the road, from side to side. A constant 
check should be kept on distances, and until the 
pourer becomes experienced, a string should be 
stretched to guide each trip. With a little practice 
the pourer will soon learn to keep the rate of distri- 
bution uniform by walking somewhat faster when the 


pot is full than when it is nearly emptied. It is 
advisable to have at least two heating kettles and 
two pourers on the job. 

Mechanical distribution. —Excellent results may be 
obtained with mechanical distributors provided they 
are properly designed and operated. Most of the 
modern distributors are of heavy construction and 
large capacity and apply the heated asphalt under 
pressure through a set of nozzles set in a frame close 
to the road surface. As the distributor passes over 
the course of compacted broken stone before the 
asphalt reaches the road it is very important that 
the load be so distributed that rutting will not occur. 
Many otherwise well-constructed roads have been 
seriously injured by rutting aue to the use of a dis- 
tributor with too narrow tires. 

In operating a mechanical distributor it is very 
important that applications should not overlap at 
either the sides or ends, and that at the completion 
of an application the pipes and nozzles should not 
be allowed to drain onto the road and thus produce 
fat spots. All nozzles should be kept clean and free 
so as to avoid unnecessary touching up. For cover- 
ing narrow strips that may have been missed by 
the distributor a narrow-spout pourmg pot may be 
used. Rate of application is controlled by measur- 
ing off the distance that the contents of the dis- 
tributor should cover in a single trip. The width of 
application being known. ‘lhe speed of the dis- 
tributor should then be adjusted so as to just cover 
the distance during the emptying of the tank when 
the feed of asphalt to the nozzles is set. Slight 
adjustments in feed should be made by an ex- 
perienced operator when variations in speed occur 
during distribution. 

[It should be remembered that the covering 
capacity of a large mechanical distributor is greater 
than the rolling capacity of a single roller and the 
natural desire to use a distributor to its maximum 
capacity should not be alllowed to handicap the 
construction of the road through under-rolling. 

Filling surface voids.—Immediately after the first 
application of asphalt has been made, and progress- 
ing with it, a thin uniform layer of small-size broken 
stone should be spread over the surface in such 
quantity as to fill the surface voids. The road 
should then be rolled with the addition of more 
broken stone if necessary until the surface is tight 
and thoroughly bonded. 

The size of broken stone used for this purpose is 
commonly known as three-quarter inch. Specifi- 
cations of the Bureau of Public Roads require at 
least 95 per cent to pass a 1l-inch laboratory screen, 
and at least 85 per cent to be retained upon a one- 
quarter inch screen. It should be as clean and 
free from dust as possible and thoroughly dry when 
applied, or otherwise its bond with the road will 
be interfered with and this will prevent proper 
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adherence of the seal coat which is next applied. 
The same effect will be produced if dust or dirt 
are allowed to collect upon the surface of the 
asphalt treatment before the small stone is spread. 
For this reason the stone should be spread as soon 
after application of the asphalt as possible. 

It should be broadcasted with a wide swing of the 
shovel in order to distribute it uniformly in a very 
thin layer. The use of an excessive amount is not 
only wasteful, but will result in caking on the surface 
and in the formation of an excessive amount of 
stone dust under the roller. After the road has 
been thoroughly rolled it should be carefully broomed 
to clean the surface and remove all fine material 
which is not firmly held in place by the asphalt. 
The road is then ready for the application of the 
seal coat. 

Application of seal coat and cover.—The second 
application or seal coat of asphalt is made in ex- 
actly the same manner as described for the first 
application except that the quantity is less. From 
0.5 to 0.75 gallon per square yard will ordinarily 
be required, the exact rate being dependent upon 
the texture of the surface treated. The surface 
should be uniformly coated, but an excess is to be 
avoided in order to prevent the formation of an 
unnecessarily thick mat or carpet. The same grade 
of asphalt should be used as in the first application. 

Immediately after the asphalt is applied it should 
be covered with a uniform layer of small size broken 
stone such as used after the first application. The 
road should then be rolled until the surface is smooth 
and uniform. An excess of cover should be avoided, 
as it will grind up under traffic and overload the 
seal coat with mineral matter. Such overloading 
will reduce the life of the seal coat and promote 
disintegration. In general the amount of cover 
should be kept to the minimum required to blot up 
the excess asphalt and prevent it from sticking to 
the wheels of vehicles. The mat so produced should 
not exceed a thickness of one-half inch and should 
preferably be about three-eighths inch. 

Asphaltic concrete.—Asphaltic concrete is com- 
posed of a mixture of mineral aggregates and asphalt 
cement usually prepared at a central plant and laid 
while still hot upon a suitable foundation. Various 
patented combinations and an unpatented mixture 
commonly known as Topeka are the types of as- 
phaltic concrete which are most widely used. The 
thickness, after compaction, is customarily 2 inches, 
and the surface of those types constructed with a 
relatively coarse aggregate and showing an open 
‘texture is given a seal coat of hot asphalt cement 
followed by a light covering of stone chips or sand, 
which is forced into the surface by rolling. 

Foundations.—Old gravel, macadam, Telford, cob- 
ble, stone block, brick, and cement concrete have 
been satisfactorily used as a foundation. Cement 


Dn 





concrete, bituminous concrete, macadam, or crushed 
stone base should be used on new construction— 
the type to be governed by local conditions. 

Should an old gravel, macadam, or Telford road 
be used care must be exercised to see that adequate 
drainage has been provided and that the thickness 
is such as will withstand the loads which the finished 
road must support. A thickness of not less than 6 
inches of gravel or crushed stone, free from an 
admixture of earth, is advisable, and additional 
thickness up to 10 or 12 inches under heavy traffic 
and poor subsoil conditions may be necessary. 
Ordinarily the old gravel or macadam_ surface 
should be lightly scarified, brought to uniform 
grade and contour, and thoroughly rolled. To this 
old material should be added a course of clean 
crushed stone, 1 to 14 inches in size, the thickness 
of which will be governed by the depth of the old 
material. Two inches evenly spread and bound into 
the old scarified surface by thorough rolling will be 
sufficient if the total thickness of the base so obtained 
is not less than the minimum mentioned above. 

When old cobble, stone block, brick, or cement 
concrete are to be used as base, the irregularities in 
contour should be taken up by the addition of open 
mix binder, which is an asphaltic concrete from 
which the finer aggregate is omitted. 

When a new cement concrete base is required it 
should, under any but exceptional conditions, be 6 
inches in thickness of a1: 3:6 mixture. A thinner 
base over a very favorable subsoil has been success- 
fully used, but there is danger of heavy trucks 
shattering a lighter foundation should the subsoil 
become so misplaced by action of water or other- 
wise as to require the concrete foundation to act as a 
beam with considerable span. A thicker base or 
richer mix is generally unnecessary unless the 
traffic is composed of exceptionally heavy units and 
uniform support of the subgrade can not be de- 
pended upon. The 1: 3: 6 mixture and 6-inch thick- 
ness have been very generally used throughout the 
Borough of Manhattan, New York City, over a long 
period of years and have demonstrated their suit 
ability under any normal conditions. This is th 
type of base in use on Fifth Avenue and_ othe: 
important streets. Where water has been kept ou' 
of the subgrade the 6-inch base has carried heav: 
loads successfully. The top surface of the concrete: 
base should not be smoothed but left rough, whi: 
improves the bond between base and’ surface 
mixture. 

It is claimed by some engineers that a bituminow- 
concrete or bituminous macadam foundation offers 
some advantages not possessed by other types suc!) 
as its superior protection against underlying wat: 
its freedom from cracking, its superior bond wii! 
the wearing surface and its shock absorbing pro)- 
erties. These claims, on the other hand, are di-- 


























puted by exponents of other types of bases as 
possessing little or no merit. 
The use of a bituminous base should be attended 
by greater care in the preparation of the subgrade, 
nee with this type of base greater reliance must 
be placed in the supporting value of the subgrade 
in when a thicker macadam having greater !oad- 


distributing properties on a concrete base having 
slab strength, is used. 

Virtures.-Several different mixtures varying 
widely in proportions and nature of aggregate, all 
kiown as asphaltic or bituminous concrete, are in 
use, but for the purpose of this article only mixtures 
having a carefully and mechanically graded aggre- 
‘of broken stone sand and filler combined with 
asphalt cement will be considered. A mixture of 
this type, knownas a modified Topeka, has the 
Wing proportions specified by the Bureau of 
Pudlie Roads: 


> 


i¢ broken stone shall consist of angular frag- 
melts of rock, excluding schist, shale, and slate, 
fre. from thin or elongated pieces, soft or disinte- 
gra'ed stone, dirt, or other objectionable matter, 


Occirring either free or as a coating on the stone. 
[t <\all be that product of the crusher which, when 
tesicd by means of laboratory screens, will meet the 


following requirements: 


Per cent. 


) . = 
Pass g 4-inch acreen, not leas than.....................-- 95 
vetained on 4-inch screen, not less than 20 


153350—20——2 


The sand shall be eomposed of sound, durable 
stone particles, free from a coating of clay or loam. 
When tested by means of laboratory screens the 
sand shall meet the following requirements: 

Per cent. 
Passing }-inch screen retsM cae: Se a 100 
Retained on 200-mesh sieve, not less than 


The mineral filler shall consist of limestone, dust, 
dolomite dust, Portland cement, or natural cement. 
It shall be free from foreign or other objectionable 
material. When tested by means of laboratory 
sieves, the mineral filler shall meet the following 
requirements: 


Per cent. 
Passing 30-mesh sieve ist ian satel ata eo aa 100 
Total passing 200-mesh sieve, not less than................. 65 


The total mineral aggregate shall consist of a uni- 
form mixture of the broken stone, sand, and mineral 
filler, the required grading of each being such as to 
produce, when properly proportioned, a mixture 
conforming to the following limitations for grading. 
The exact proportion of each constituent producing 
a total mineral aggregate within these limitations 
shall be as directed by the engineer. When tested 
by means of laboratory screens and sieves the total 
mineral aggregate shall meet the following require- 
ments: 


Per cent. 
Passing }-inch and retained on }-inch screen............ 5 to 10 
Passing }-inch screen and retained on 10-mesh sieve... 11 to 25 
Passing 10-mesh and retaitied on 40-mesh sieve. ....... 7 to 25 
Passing 40-mesh and retained on 80-mesh sieve. .......- 11 to 36 
Passing 80-mesh and retained on 200-mesh sieve. .-..... 10 to 25 
Duets Tea MONG... ks ko case oe ise Sti caee 5 to ll 


‘oes reer = 
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Proper proportioning of this aggregate is secured 
by accurate weighing and the quantity of asphalt 
cement is determined in like manner. 

In order to show the comparison between this 
and a coarse aggregate type such as bituminous 
concrete, proportions of the latter material as speci- 
fied by the Bureau of Public Roads, are as follows: 

The broken stone shall consist of angular frag- 
ments of rock, excluding schist, shale, “and slate, 
free from thin or elongated pieces, soft or disinte- 
grated stone, dirt, or “other objectionable matter, 
occurring either free or as a coating on the stone. 
The stone shall meet the following requirements: 


Per cent. 
French coefficient of wear, not less than 


Toughness, not less than 


That portion of the product of the crusher, which, 
when tested by means of laboratory screens, will 
meet the following requirements: 


Per cent. 
Passing }-inch screen, not less than. ...................... 95 
Retained on 4-inch screen, not less than.................... 85 


That portion of the product of the crusher, 
which, when tested by means of laboratory screens, 
will meet the followi ing requirements: 
Per cent. 
Passing 1-inch screen, not less than. . 95 
Total passing j-inch screen. ee 
Retained on }-inch screen, not less than.............-- 85 
The sand for fine aggregate shall be composed of 
sound, durable stone particles, free from a coating 
of clay or loam. When tested by means of labora- 
tory screens the sand shall meet the following 
requirements: 


Per cent. 
MOMs bcksbns snienednisint taveus ven cd 100 
Total passing 40-mesh sieve. ere 30 to 70 
Retained on 200-mesh sieve, not less than............. 90 


The mineral filler shall consist of limestone dust, 
dolomite dust, Portland cement, or natural cement. 
It shall be free from foreign or ‘other objectionable 
material. When tested by means of laboratory 
sieves, the mineral filler shall meet the following 
requirements: 


Per cent. 
NE sn rv cnaieines Succ bavideavesuseenes 100 
Total passing 200-mesh sieve, not less than................. 65 


Mixing and laying.—The mixing plant includes 
bucket elevator, rotary drier, an additional elevator, 
screen, storage bins, weighing devices, and mixer 
through which the aggregate passes in the order 
named. Heating tank and weighing device are re- 
quired for the asphalt cement. Both mineral aggre- 
gate and asphalt cement are heated to temperatures 
varying from 200° to 300° F., depending upon the 
character of the asphalt cement used. 

The mixing continues until all particles are thor- 
oughly coated with bitumen and the hot mixture 
delivered on the road at a temperature of from 200° 
to 300° F. It is here dumped upon the foundation 
or dumping platform, at a point other than where it is 
to be finally spread and compacted, and is entirely 
rehandled by shoveling into place with hot shovels. 
It is then raked to uniform grade, contour, and thick- 
ness (usually about 2} inches before compression) 


and rolled with a 10 or 12 ton tandem roller. De- 
pressions developing during rolling are brought up 
by additional material, and the rolling should con- 
tinue until thorough compaction is secured. 

Over this surface is sometimes spread a thin even 
flush coat of asphaltic cement at a temperature of 
about 200° F., to be followed by a uniform coating of 
hot crushed stone screenings or coarse sand. The 
rolling continues with a 5 to 8 ton roller until the 
entire mixture has cooled. The finished thickness 
is usually specified as not less than 2 inches, although 
other thicknesses have been laid with success. 

No attempt has been made here to do more than 
outline the salient features in connection with the 
construction of asphaltic concrete pavements. Com- 
plete specification may be secured from a variety 
of sources, but those contained in the American 
Highway Engineers’ Handbook include examples 
of the best standard practice. 

Conditions favoring selection of asphaltic concrete. 
Asphaltic concrete possesses many of the desirable 
qualities universally attributed to sheet asphalt 
pavements. The stability of the coarse aggregate 
types, in particular, obviates the necessity for a 
curb to protect the edges, and even with the finer 
aggregate, raveling at this point is unusual except 
in cases where a narrow paved surface forces a 
heavy traffic to constantly cross and recross such 
edges. Under these conditions a good asphaltic 
macadam shoulder will satisfactorily protect the 
pavement. 

A new construction, asphaltic concrete, offers 
the advantages of a surface able to withstand heavy 
traffic immediately following construction. When 
the subgrade is suitable it ordinarily requires a 
relatively cheap foundation, is but slightly affected 
by temperature variations, is easy of repair, low in 
maintenance cost, and possesses a tendency to 
iron out rather than to roughen up under traffic. 
It is low in tractive resistance, low in abrasive wear 
on automobile and motor truck tires, and because 
of its smooth surface causes but little vibration in 
motor vehicles. This is not only a source of com- 
fort, but reduces the maintenance expense upon 
such vehicles. 

It is peculiarly adapted as a resurfacing material, 
as uniform contact can be secured with all types 
of old pavement surfaces. It is economical in 
that it utilizes to the utmost the previous invest- 
ment made in the old pavement. 

Sheet asphalt.—Sheet asphalt is composed o! 
mixture of fine mineral aggregates and asphalt 
cement, prepared at a central plant and laid hot 
upon the foundation in much the same manner 8s 
that previously described for asphaltic concrete. 
There is a distinct difference in the method of «vn- 
struction, however, inasmuch as sheet asphalt 1s 
laid in two courses, called binder and wearing 
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course. A paint coat is sometimes substituted for 
the binder course, but is not suitable for heavy- 
traffic streets. Standard practice favors the use of 
14-inch binder and 14-inch wearing course. No seal 
coat or covering of stone chips or sand is required. 

Foundation. Because it is a more expensive type 
and is usually subjected to more severe traffic con- 
ditions, the foundation should be more carefully se- 
lected than in the case of asphaltic concrete. _A 
rigid cement concrete base is generally used, although 
water bound and bituminous macadam, old cobble 
stone, stone block, brick, asphalt block, and asphaltic 
concrete have been used with success. Although a 
study of each individual case, taking into considera- 
tion the character of traffic, climatic conditions, 
character of subsoil, drainage, and condition of old 
pavement will be necessary when sheet asphalt is to 
be used as a resurfacing material, it may be said in 
general that the conditions should be such as will 
assure the carrying of the full weight of individual 
units of traffic by the old pavement without displace- 
ment to even a slight degree. 

Portland cement concrete foundation of 1:3:6 
d portions and 6 inches in thickness, as mentioned 
or asphaltic concrete, is suitable under normal con- 
ditions for sheet asphalt, and is the type almost uni- 
versally used. Its surface should be left rough. 

\ bituminous concrete or macadam base offers the 
sanic advantages as have been noted under asphaltic 
concrete, but have not been used to the same extent 
for sheet asphalt. 

‘fixtures.—The mineral aggregate requires the 
closest study, as it is chiefly upon its proper selection, 
proportioning, and grading that the success of the 
finished pavement will depend. 
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The sand must be hard, clean, moderately sharp, 
and the grains must be of such a nature that the 
asphaltic cement will readily adhere to them; quartz 
should predominate. 

In addition it must be graded within limits which 
have been demonstrated to give the most satisfactory 
results. Mr. Francis P. Smith gives the following 
as standard mesh compositions: 


Light | Heavy 
traffic. traffic. 
Per cent Per cent. 
Passing 200-mesh sieve. Oto 5 Oto 5 
Passing 100-mesh sieve 10t» 15 10 to 25 
Passing 80-mesh sieve.... 6ty15 10 to 20 
Passing 50-mesh sieve.. 10 t» 40 | 5 t» 40 
Passing 40-mesh sieve... . 10t 30) 5t > 30 
Passing 30-mesh sieve... . 10 t» 20 | 10t)15 
Passing 20-mesh sieve... . 10t»15 5 to 10 
Passing 10-mesh sieve... . 5 §t)12 | 2to 8 
Passing 8-mesh sieve... Oto 5| None. 


The total for that passing the 100 and 80 mesh 
sieves may be from 18 to 25 per cent for light traffic, 
and 25 to 40 per cent for heavy traffic. 

To secure the above compositions a mixture of 
two or more sands will usually be required. 

A filler of very fine material, usually rock dust or 
Portland cement, is used to fill the voids, between 
the sand grains and to afford a greater density of the 
mixture. At least two-thirds of such filler should 
»ass a 200-mesh sieve and a material portion should 
be impalpable dust. 

The binder course consists of asphaltic concrete 
with a somewhat lower percentage of bitumen than 
would be required in a wearing course. As usually 
—T it contains 5 or 6 per cent of asphalt cement, 
about 25 per cent of material passing a 10-mesh 








sieve, and 40 per cent material passing a half-inch 
screen. If the binder course is to have a thickness 
of 14 inch, stone up to 1 inch diameter may be used. 
Although sheet asphalt wearing courses whose 
compositions show esther wide variations have given 
excellent service, a mixture used upon Fifth Avenue, 
New York, may be taken as illustrative of good 
practice. 
ASPHALT CEMENT. 
Per cent. 
Asphalt cement ' i ee 
Passing 200-mesh sieve... .... plea a's 13. 2 


Passing 100-mesh sieve............--..... ~« Seo 
Passing 80-mesh sieve... . . 11.0 
Passing 50-mesh sieve. oe eR i 
Passing 40-mesh sieve ; Doticvace Gee 
Passing 30-mesh sieve .0 
Passing 20-mesh sieve eacewt 1. 0 
Passing 10-mesh sieve eer = eee 


Mixing and laying.—Binder and wearing surface 
mixtures are prepared at a plant closely resem- 
bling that eel for asphaltic concrete. The same 
lant may be used for both types with few changes. 
he two mixtures are run alternately or as required, 
but more binder should not be prepared than can 
be covered with the wearing course bilien the same 
day. 

The binder may be delivered upon the street at a 
somewhat lower temperature than the top course 
material; the former varying trom 200 to 300° F. 
and the latter from 225 to 350° F. 

The binder after being dumped is completely 
rehandled and shoveled into place, raked to uni- 
form thickness and thoroughly rolled to a uniform 
contour and grade parallel to that of the finished 
pavement. The wearing course should be added 
as soon as compaction of the binder is completed, 
and the whole thoroughly rolled with a 12-ton 
tandem roller. After the first rolling of the wearing 
surface and while it is still hot a light sprinkling of 
Portland cement should be added. 

Conditions favoring selection of sheet asphalt. 
Sheet asphalt is particularly adapted to city streets 
and it has been the standard pavement for American 
cities during the last 30 years. In all of our largest 
cities it has carried very heavy traffic with relatively 
low maintenance costs, and its ease of repair and 
construction under difficult traffic conditions have 
made it especially popular. Replacement of pave- 
ment sections after street openings have been made 
can be carried out without leaving a weak and 
unsightly joint and resurfacing does not require a 
disturbance of the foundation nor does it involve dif- 
ficulties at manhole openings and street-car tracks 
which have a fixed i acer flush with the pave- 
ment surface. It has low tractive resistance, causes 
a relatively slight abrasion to motor-vehicle tires, 
and is noiseless and dustless. 

Asphalt block.—Asphalt blocks are made from 
an asphaltic concrete, compressed under hydraulic 
pressure and laid in a tines manner and upon a 
similar foundation to that required for other types 
of block pavements. Their dimensions are usually 
5 by 12 by 2 to 3 inches. 

Peaniladion. The cement concrete foundation of 
the type mentioned for sheet asphalt and asphaltic 
concrete is preferable for asphalt block. Over such 
foundation is spread a one-half inch 1:4 mortar bed, 
upon which the blocks are laid while the mortar is 
still fresh. Still another method of construction 
calls for laying the blocks in a dry 1:4 mortar bed. 


Mixture.—The same rules applicable to the secur 
ing of a good asphaltic concrete are equally appli- 
cable to asphalt block mixtures, with the exceptions 
that the coarse mineral aggregate is of smaller sizes 
and the asphalt cement should be low in ductility 
and penetration. | 

(reneral.—Asphalt blocks have been widely used 
for city pavements and offer the advantage ol 


requiring fewer skilled laborers on the street 


They can be laid rapidly, repaired or resurfaced 
readily, and ‘offer many of the qualities attributed 
to both sheet asphalt and block pavements. 


SURFACE TREATMENTS, 


Surface treatments with road oils consist in gen 
eral of two methods—(1) that in which it is desired 
to have the material act only as a dust preventiv: 
and (2) that in which it is desired to have the mat 
rial form a thin bituminous mat or carpet. 

Oils for use as dust preventives are, as a ruk 
comparatively thin fluids which may be applied cold 
To obtain the best results the road surface should b« 
free of any great excess of dust when the application 
is made. The oil may be applied without heating 
and the application should preferably be made by 
means of a pressure distributor at the rate of from 
one-eighth to one-fourth of a gallon per square yard 
No cover of earth, sand, gravel, or stone chips should 
be necessary. The number of applications required 
to lay the dust successfully throughout an entire 
season will depend upon traffic and climatic condi- 
tions; one may prove sufficient, but three or four 
may be required. 

Oils for use in surface treatment when it is desired 
to form a wearing mat are applied with or without 
heating, and are usually more viscous than are the 
dust preventives. For this treatment the road 
surface should be in a good state of repair, well con- 
solidated, free from holes or depressions, and thor 
oughly swept for the removal of dust before applica 
tion is made. Newly constructed roads should be 
permitted to consolidate under traffic before oil is 
applied. The oil, if heated, should be brought to a 
temperature of from 200° to 250° F. The initi: 
application should be made by means of a pressure 
distributor at the rate of from one-third to one-hal! 
of a gallon per square yard. It should be cover 
with a uniform layer of stone chips or pea gravel. 


ASPHALT JOINT FILLERS. 


Asphalt is extensively used as a joint filler fi 
brick pavements and asphalt or asphait mastic. ‘T! 
latter, consisting of a mixture of asphalt with fi 
sand, is similarly used for stone block pavement 
Such joint filler obviates the necessity for spe 
expansion joints, and by permitting a certain amou 
of flexibility reduces any tendency of the finish: 
pavement to crack by reason of contraction or exp: 
sion in the base. Cuts through the pavement 
repairs to sewer, water mains, etc., can readily 
made and the opening closed without damage 
individual bricks and blocks. The asphalt cary 
produced by a small excess of the filler protects | 
edges of brick and block from wear, reduces the no 
customarily caused by these types of pavement, : 
reduces the slipperiness—an important considerat! 
on grades. 
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SOME POINTS IN HANDLING MATERIALS. 
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N economical method of handling concrete 
aggregate was installed by Minneapolis con- 
tractors in constructing Federal-aid project 

No. 58, in Nobles County, Minn. 


This project consists of 5.5 miles of one-course 


concrete pavement with proportions of 1: 2:4, to 


be laid 18 feet wide, 74 inches thick at the middle, 


and 64 inches thick on the sides. 


Che project begins about 1 mile from the city 
limits of Worthington and is in two sections, run- 
ning due west; one of 2 miles and one of 3.5 miles 
With a section of 6.5 miles between, which was 
gravel surfaced in 1918 and is not included in this 
project. 

‘he road was graded 24 feet wide in 1918 by 
county forces, and the grading to be done in this 
project consisted in widening the road to 30 feet 
an! placing 6-inch drain tile in all cuts. The soil 
is 1 heavy, yellow clay on the first section and a 
black soil on the second section. 

he contract was let on July 14, 1919, to con- 
tractors whose bid was as follows: 


Excavation, 15,304 cubic yards, at $0.65............- 
Tile in place, 30,000 linear feet, at $0.22 


A ee ee 


Concrete pavement, 58,340 square yards, at $2.74... 


$9, 947. 60 
6, 600. 00 
159, 851. 60 





SN I sh on 2 eRe Pe ae ee eee 176, 399. 20 


STORAGE BINS FOR SAND AN ST 


205 NE AT RAILROA TATION, WORTHINGTON. STOCK PILE AND 
2RICK AND FOUR CHUTES OPERATED SIMULTANEOUSLY BY ONE ! 





BATCH MEASURING BOXES ABOVE CHUTES 





Concreting began September 8, 1919, at Station 
160 and was continued until October 24, when work 
was shut down for the season at Station 96+75, 
during which time 12,650 square yards were laid. 
Atlas cement, Mankato sand, and Jasper quartzite 
were brought in by train to Worthington, and water 
was pumped from Whiskey Creek at Station 54. 

A 3-sack mixer was used with a tamper, and 
four 5-ton trucks hauled aggregate from the railroad 
at Worthington. These trucks were divided into 
four compartments across the truck, each with a 
capacity for a complete batch, and each compart- 
ment had a separate end gate which was operated 
by hand from the outside. The truck was backed 
up to the mixer skip, the body elevated, and the 
lower gate opened, allowing a batch to run into the 
skip. While the skip was being hoisted, the truck 
and the mixer moved forward a few feet to be 
ready for the next batch, and the operation was 
repeated until the truck was empty. 

Water was pumped by a gasoline pump through 
a 2-inch pipe for a maximum distance of 2 miles. 

At the railroad station there was erected a cement 
storage bin holding over a carload, with a bucket 
elevator operating from a boot placed at the end of 
the ties. The bin was divided into four compart- 




















MIXER IN OPERATION ON A WYOMING FEDERAL-AID PROVECT. 


ments; each had a measuring box holding three 
sacks, located just above a steel chute which dis- 
charged into the truck. One man operated all four 


chutes simultaneously. 

Bulk cement was delivered to the cement bin and 
was unloaded into the elevator boot by one man 
using a wide scoop running on two small wheels. 
This method of handling cement caused a good deal 
of trouble, as the cen.ent arched over the opening 
into the chute, and was later discarded for a plat- 
form built on a level with the car floor and reaching 
to the truck roadway. Four men, each with a steel 
wheelbarrow holding three sacks of cement, loaded 
from the car and wheeled and dumped them simul- 
taneously into the compartments of the truck along- 
side. 

About 100 feet beyond the cement bin there was 
a combined sand and stone bin; the stone storage 
being double the capacity of the sand storage. Be- 
tween this bin and the siding (see photograph) there 
was a crane with a clamshell bucket which unloaded 
sand and stone from cars on the siding into the bins 
or on to the stock pile. 

Each bin had four measuring boxes above four 
steel chutes, which were discharged simultaneously 
by one man. After the truck had received cement 
in each compartment, it drew alongside the sand 
bin and received sand into each compartment; and 
then a few feet beyond stone was dumped into the 
compartments. 


There were 30 men employed in the different 
operations from the arrival of the material on the 
cars to the finished pavement. 

At loading plant.—One foreman, 1 mechanic, 2 men 
at sand and stone bin, 4 men at cement bin, 2 men 
with crane clamshell, 4 drivers for 5-ton trucks. 

At road.—One foreman, 2 mixer operators, 3 men 
at chute and spreading concrete, 2 men placing side 
forms, 2 men on steel reinforcement, ete., 2 men on 
mechanical tamper, 4 men covering finished pave- 
ment, watering and removing forms. 

The entire time occupied in loading from the 
time the truck stopped at the cement bin until it 
started from the stone bin was four and one-half 
minutes. 

The following notes relative to a new method of 
handling materials which has been developed on 
Wyoming Federal-aid project No. 20 also may be 
of interest to those who are engaged in concrete 
highway construction. 

The material from the gravel pit is hauled out 
to the road in large trucks and deposited in stock 
piles. Experience has, however, developed the fact 
that the movement of material over the prepared 
subgrade is a matter of considerable importance, s 
the use of heavy units for this purpose is certain to 
destroy the subgrade and to cause a consideralle 
expenditure for the reshaping of the subgra: 
Moreover, if materials are dumped in small piles on 
the subgrade there is the ever present possibility 

















that a percentage of the earthy materials of which 
the subgrade is usually composed may find their way 
into the batch. 

These two considerations have led the contractor 
on this project to adopt the system of dumping his 
materials at the end of the road in a large stock 
pile, and, for the purpose of moving them to the 
mixer, he has provided six Ford trucks with light 
bodies, which, when loaded with the materials for a 
single batch, can be dumped by hand. The bodies 
on these trucks are divided into compartments 
which will accommodate a four-sack batch of ma- 
terial. After being loaded at the stock piles a 
truck is driven to the mixer and the charge dumped 
directly into the hopper. 

As can be seen at a glance, the cost of loading the 
truck, even from material piles placed on the ground, 
is no greater than the cost of loading wheelbarrows 
would be. The cost of operation and the wear on 
the trucks is said to be no greater than the constant 
reshaping of the subgrade where the aggregate is 
delivered on the subgrade by heavy trucks or by 
wagons. In short, the scheme is working satis- 
factorily on this project and with every appearance 
of reasonable economy. 

or somewhat greater economy in operation it 
would be entirely feasible to build loading bins and 
to drive the trucks onto an elevated platform, per- 
mitting them to discharge into hoppers which could 
in turn be discharged into the light delivery trucks. 
By proceeding in this fashion a considerable amount 
of labor could be eliminated but the cost of the 
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plant would be somewhat increased. The system 
most advisable for any individual project will, of 
course, depend on the length of the project and the 


amount of material to be handled. 


AUTOMOBILE LICENSE FEES. 


Up to October 18 the number of pneumatic-tired 
machines registered in Pennsylvania was over 435,000 
for the year 1919, and the license fees received had 
passed the $5,000,000 mark. It is expected that the 
fees for the year will be about $5,100,000. In 1918 
the State received in fees $4,048,185.50 from 678,786 
registrations, of which 363,001 were pneumatic- 
tired machines. 


COUNTY MATERIAL PLANT. 


Maricopa County, Ariz., has a road program of 
278 miles. The county supervisors and highway 
commissioners have decided to install a material 
plant with a capacity of 2,000 tons a day. It is 
estimated that this will save the county $3,000 a 
mile in rock, sand, and gravel alone in the construc- 
tion of the highways, or a total saving of $834,000. 


CALL FOR BIDS. 


Fresno County, Calif., supervisors have called for 
bids on the first six units of the highway system for 
which the county has been bonded for $4,800,000, 
and which will cost $5,500,000. The bids will be on 
1-2-4 and 1-3-6 concrete mix. 





MATERIAL MUST BE MOVED EARLY. 


HEN seeds of information sown in a cam- 
paign of education fall upon the minds so 
fertile and receptive as those of the people 

of our Nation, the result is astounding. The hearty, 
liberal, country-wide response to the call for money 
to construct a network of highways adequate to 
meet the demands and requirements of the marvel- 
ous growth of traffic has been more than astounding. 
Inspired by the passage of the first Federal aid road 
act by which the Government appropriated $75,000,- 
000 to enter into copartnership with the State and 
stimulated by the further appropriation of $200,000,- 
000, the States, one after the other, and the counties 
of the States have provided for vast sums to further 
the doctrine of good roads until now there is $633,- 
000,000 immediately available for construction in 
1920. 
GREATEST IN HISTORY. 

And in contemplating these figures it must be 
remembered that in no year in the history of road 
building has as much as one-fourth of this sum been 


expended upon new highways. But that the States 


will go far toward exceeding the expenditures of any 


previous year and constructing a greater mileage 
than ever before is forecast by the fact that several 
have already laid out programs that call for the 
building of more than a thousand miles within their 
respective boundaries. The people ask for these 
roads and are willing to pay for them. Illinois, with 
a population of approximately 6,000,000, has au- 
thorized a bond issue of $60,000,000 (about $10 per 
capita), and a little county in Arkansas (Phillips), 
with a population of less than 50,000, has pledged 
itself for $3,734,000 for good roads. That is about 
$75 per head, and with the money they propose to 
put 117 miles of road in places where there were 
hardly any before. 

It is estimated that last year $138,000,000 was ex- 
pended in new construction. To put into construc- 
tion the great sum available presents a tremendous 
task to the highway builders of the country. One 
factor will determine the degree of success with 
which this task may be accomplished. That is the 
movement of material. Without material there can 
be no roads. Without open-top cars there can be 
no material. There must be a complete utilization 
of the open-top cars for the movement of material at 
the time and all the time that such cars are available. 
Reports of the Railroad Administration show that 
in the earlier months of the year there are many 
thousands of open-top cars standing idle. But in 
1919, when the road-building season was well ad- 
vanced, there was general complaint that no cars 
were available for the movement of material. The 
supply, always inadequate, was being used for the 
transportation of other products. 


MESSAGE TO STATE AUTHORITIES 
Recently Thomas H. MacDonald, the chief of the 
Bureau of Public letter to the State 
highway departments, in which he points out that 
the only possible relief is to use the present transpor- 


Roads, in a 


tation and materials production agencies in the most 
efficient manner possible, said: 

“Tt is a matter in which the State highway depart- 
ments may take a large measure of satisfaction that 
road building is the one big public activity which 
got under way early in 1919, which opened a larg 
field for unemployed labor, which offered a market 
for construction materials, and which has continued 
to increase in volume as the months have passed 
It is too early to have definite figures available for 
this year’s production of roads and total expendi 
tures, but it is estimated that the expenditures 
during 1919 for hard surfaced highways, exclusiv: 
of sand-clay and similar types, will total approxi 
mately $138,000,000. The largest previous year’s 
total expenditures for like purposes, that of 1916 
was $136.000,000. 

But the test of the road building organ ations 
ahead. The estimated summary of the funds whic! 
will be available for highway work during 1920 
the construction of surfaced highw avs is as folloy 
Brought forward from unfinished 


work 1919 con 


tracts.... 5, 000 

Funds available from State and county taxes and 
Federal aid . 

One-fifth State and county 
available. 


bond issues not before 


50. OOO 
One-third of the unexpended halance of State and 

county bond issues previously available 15 
Available from new bond issues to be voted on the 


fall of 1919 and spring of 1920 100, 009, 0 


633, 000, OO 


PROGRAM IS TREMENDOUS. 


“ This large total is more than four times the amou 
of money that has been expended during any pri 
vious year for like purposes. ‘To accomplish t! 
physical undertaking of putting into actual ro: 
construction this sum or anywhere near this sum 
tremendous. It is so much greater than any pr 
gram that has heretofore been attempted that 
great increase in the principal factors controlling t! 
actual production of highways is absolutely essenti: 
These principal factors are material supplies, shi 
ping facilities, labor supply and contractors’ orgat 
zation. 

“The acute deficiency of open-top cars deman 
that our first attention be directed toward increasi 
shipping facilities for road materials. These faci 
ties may be increased by two methods—fir 
by the more efficient use of open-top car equipme! 
and second, by a large increase, in the supply 











new cars. During frequent conferences with the 
Railroad Administration it has become apparent 
that a more efficient use may be made of the present 
open-top car equipment by starting the shipping 
season earlier than has been the general practice in 
the past. 

contractors’ 


It has been customary to wait until 

organizations were ready to begin 
work before starting the shipment of materials. 
Under these conditions many thousands of open-top 
cars lie idle during the latter part of February, all 
of March, and the earlier part of April. In the spring 
of 1919 the number of open top cars that were idle 
totaled more than 250,000. As the season advanced 
and road contracts were actually under way, the 
car shortage manifacted itself here and there almost 
continuously, but at three different times complaints 
received at this office were general. 


FACTORS THAT AFFECT MOVEMENT. 


“We must recognize that if a strike threatens the 
railroads, road material will not be moved because 
it is not perishable. If the movement of coal de- 
mands the cars, there will be a shortage of cars 
for the movement of road materials. The importance 
of the movement of road materials must be impressed 
upon the public and the railroads, and for the present 
the road builders must correlate their calls for 
service so far as possible with the situation which 
exists—that at any critical moment when shipping 
facilities are road materials will be the 
first to suffer. 

“Therefore, everything possible must be done to 


involved 


facilitate transportation of road materials under 
these handicaps. Railroad transportation has be- 
come too important a factor in the amount of work 
that can be accomplished to allow it longer to be 
regarded as incidental. 
tem in 


It has become the biggest 
Contracts should be 
.warded as early as possible that the contractors may 
‘now the amount of materials they will require 
it different points and they should be encouraged to 


road production. 


place their orders for the materials requiring rail 
transportation as long in advance of the time they 
will be actually required as possible. The placing 
‘materials in storage piles involves some expense, 
lit this expense is small in comparison to the loss 
occasioned by lack of materials when the contractors’ 
organization is waiting. 
CONTRACTS SHOULD BE AWARDED EARLY. 
‘From the experience this year and in view of the 
greatly increased program for next year, it seems 
apparent that contracts which are not awarded 
during the winter months will have little opportunity 
of being supplied with materials which require rail 
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hauling. 


Again, contracts should be awarded early 
and contractors should be encouraged to place their 
orders so that the material producers will operate 
their plants during all seasonable weather. In the 
past many held until 
later in the year, and material supplies have not 
been started moving during the period when the 
car supply is at its maximum. 


too contracts havé been 


Also, contract prices 
have usually been lower for work awarded early in 
the season, and the State Departments and the 
Federal Bureau must recognize and respond to the 
public confidence which has been shown by the 
appropriations of large sums for highway improve- 
ment, by adopting every method that will help to 
the prices and the 
expenditure of these funds. 


secure lowest most efficient 
“Tn view of the greatly enlarged program of road 
the 


will 


of unfinished 
have to go over because of 


construction and large amount 


contracts which 
Jack of road materials, it would seem unnecessary 
to further accent the need for taking advantage of 
the supply of open-top car equipment in February, 
March, and April. 


THE ONLY POSSIBLE RELIEF. 


“Tt is apparent that many contractors who have 
not before been so engaged are looking to the high- 
way field, and that the contractors’ organizations 
will be expanded. The labor shortage may in part 
be met by improved machinery and equipment, 
but the transportation and the supply of materials 
can not be so readily or quickly expanded to take 
care of the greatly Unless a 
forward looking policy recognizing these conditions 
is adopted at once, it is not apparent that a greatly 
increased production of roads will be possible next 
year over the miles constructed this year, yet the 
public is demanding of road building organizations 
a greatly increased production. 


increased needs. 


“Every official in an administrative capacity in the 
road building organizations knows that it is common 
for the public to demand great activity and immedi- 
ate production of roads as soon as bonds have been 
voted. The fact that more than four times as much 
money is available for roads next year than has been 
true heretofore that these demands will 
become intensified, and it will be a difficult task 
to impress upon the public the fact that the produc- 
tion of roads is controlled by factors largely outside 
of the conirol of the highway officials. 


means 


“The only possible relief is to use the present trans- 
portation and materials production agencies in the 
most efficient manner possible, and at the same time 
bend our efforts to obtain an increased car supply 
and an increased production of road materials. But 
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these policies, to be effective, must be adopted by 
the State Departments and ‘the Federal Bureau 
individually and collectively, at once, and the first 
step is to place under contract during December and 
January as great a mileage of roads as possible. 
In doing this the bureau wishes to cooperate with 
and aid the States in every way possible.”’ 


ILLINOIS DEVISES A PLAN. 


The highway department of the State of Illinois 
has devised a plan which it hopes will result in the 
shipment and storage in the early part of the season 
of a large portion of the material the State will re- 
quire in the construction of the 1,000 miles of high- 
way called for by the 1920 plans. To supply the 
necessary material for this program will mean a se- 
vere tax upon the material producers unless the con- 
struction season be extended. 


In order to bring 
this about and thus assist in relieving the open-top- 


car situation, as well as a possible shortage of mate- 
rials, the State has decided to pay for such materials 
as sand, gravel, and stone as delivered, without 
waiting for the same to be incorporated into the 
work. Vouchers will be issued direct to the railroad 
company for the freight and to the sand, gravel, and 
stone producers for these materials. The same will 
be charged against the contractor and the amount 
thus paid will go to reduce estimates due the con- 
tractor as such materials are used. 

This arrangement will apply not only to contracts 
now uncompleted, but also to the contracts to be 
awarded in 1920. In order to make this effective on 
existing contracts, a supplemental agreement will be 
made with the contractor and the surety company. 
This supplemental agreement will be forwarded to 
the contractor for his signature with the request that 
he procure the signature of the surety company at an 
early date. 

Only the hearty cooperation of all the forces en- 
gaged in the building of our roads and the utilization 
to the fullest extent of equipment and producing 
power will bring in 1920 a result in road building 
accomplishment such as the public has a right to 
expect. ; 


NEBRASKA ROAD BUILDING. 


The road building situation in Nebraska under 
Federal aid is reviewed in the October issue of the 
Monthly Bulletin of the State department of public 
works. Under the original Federal-aid act Nebraska 
was entitled to $1,600,000 from the National Govern- 
ment. By the amendment to the last post-office 
appropriation bill this amount was increased to 
$5,866,303.82. The Nebraska Legislature of 1917 
accepted the provisions of the Federal-aid law, ap- 
propriated $640,000 for road construction under it, 
and authorized the State board of irrigation, high- 


ways, and drainage to lay out a system of roads for 
the approval of the Secretary of Agriculture. 

The legislature of 1919 abolished the State board 
of irrigation, highways, and drainage, and created 
a State department of public works, and appropri- 
ated $3,093,262 for Federal-aid roads, bringing the 
total appropriation to date up to $3,733,262, leaving 
a balance of $2,133,041.82 to be taken care of by the 
legislature in 1921. 

As laid out the State highway system includes 
approximately 4,500 miles of road located so that 
every county seat and every important town is con- 
nected. Up to October 1 project statements tor the 
construction of 2,240 miles of this system had been 
submitted to the Secretary of Agriculture. Seven 
hundred miles of work had been placed under con- 
tract, for an aggregate cost of about $2,500,000, and 
it is estimated that 500 miles will be completed 
before the close of the present season. Surveys have 
been made this year on about 1,500 miles additional, 
and it is expected that the balance will be in shape, 
so that the work can be placed under contract before 
April 1, 1920. Before the close of the season 212 
miles more of work will be placed under contract, of 
which 17 miles are brick paving in Douglas County, 
6 concrete in Dodge, and 1 concrete in Butler. Al! 
the rest is-either plain earth or graveled surface. 


HERE'S A NEW ONE. 

An interesting side light is thrown on the problems 
which highway engineers sometimes have to solve 
by the following comment recently found in the 
report of one of the engineers inspecting a Federal- 
aid project in New Mexico: ‘‘Relative progress is 
only fair due to the fact that operations have been 
greatly handicapped for want of water. As this is 
a very hot and dry season of the year, the catth 
take nearly all the supply. The road constructio1 
is, therefore, greatly handicapped.’? We have heard 
of a good many difficulties which engineers have en 
countered in constructing concrete roads, but this | 
the first time that we ever heard of construction being 
delayed because the cattle had made away with thi 
water supply. 


WISCONSIN CONSTRUCTION. 

It has been estimated that Wisconsin in 1919 wi 
expend about $12,600,000 on highways. Of th 
amount $7,600,000 will be for State trunk and Stat: 
aid construction and maintenance, with the rest f 
township roads. The construction on the Sta 
trunk highway system will cost about $3,600,000 
and that on State-aid roads about $2,000,00 
Maintenance will cost about $2,000,000. A total 
146.99 miles of concrete roads is included in t! 
program. 
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THE PRESENT STATUS OF IMPACT 


TESTS ON ROADWAY SURFACES. 


By A. T. GOLDBECK, Enginee: of Tests, Bureau of Public Roads. 
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T has been estimated that the funds available for 
highway construction in this country during 
1920 total $633,000,000, and this is more than 

four times the amount expended in any other 
previous year. It is likely that the future will 
show even higher figures than these and that road 
construction will be pushed as rapidly as road- 
material resources, equipment, hauling facilities, and 
labor will permit. In the face of such an enormous 
program it behooves us to build wisely lest we be 
extravagant either by too much or by too little 
initial expenditure for our various road systems. 

Unfortunately, the necessity for such vast ex- 

penditures comes almost simultanelusly with a new 
of traflic which exerts a different kind of 
destructive effect on roads than has been exerted 
by traffic in the past. The heavy motor truck has 
trvnsformed the road problem from one whose solu- 
tion in days gone by depended upon —— into 
an exceedingly important problem of design. We 
must be able to design our future roads to carry 
known maximum loads under known conditions of 
subgrade and weather, just as we are now able to 
desion our bridge structures. We must not be 
satisfied with a constant cross section irrespective 
of subgrade conditions, but we must change the 
desimn of the road as nearly as practicable with 
changing conditions of subgrade. At the same time 
we must better subgrade conditions by more careful 
drainage. Recognizing these facts, and with the 
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rational design of road surfaces as a goal, the 
Bureau of Public Roads has begun experiments to 
find out something of the fundamentals affecting 
road design. ; 

Just as in the design of a bridge structure, the 
design of a road requires not only a knowledge of 
the materials in the structure and their behavior 
under stress, but it also requires a knowledge of the 
forces acting on the structure tending to deform it 
out of shape. Obviously, then, one of the funda- 
mental problems is to determine just what forces 
are being exerted on roads tending to destroy them. 


IMPACT ACTION ON SMOOTH SURFACE. 


Anyone who has stood on a hard-road surface 
during the passage of a heavy truck has noticed 
the vibration set up in the pavement, indicating 
that the truck is exerting more or less of an impact 
action even though the surface be comparatively 
smooth. Such action, of course, is much accentu- 
ated after the surface becomes worn in spots or 
wavy, and the impact then becomés very noticeable. 
Heavy loads at rest on road surfaces exert but little 
effect except on surfaces which, for some reason, are 
too soft to bear the load. Actual tests have been 
made on a concrete road to gain some idea of the 
fiber stress in the concrete directly under a heavy 
wheel load of a loaded truck.t. The indications are 
that when a wheel load of 8,500 pounds is at rest 


1 Thickness of concrete slabs, by A. T. ¢ 


ioldbeck, Public Ruads, April 1919. 
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on an 8-inch concrete slab laid on a rather wet clay 
subgrade the fiber stress in tension is only about 
34 pounds per square inch directly under the load, 
and since the modulus of rupture of the ordinary 
concrete road mixture is well over 400 pounds per 
square inch, and possibly as high as 600 pounds per 
square inch, the danger of serious cracking of the 
concrete under static loads is practically nil except 
at the corners of the slabs. 

We must turn to impact then for an explanation 
of some of the past failures of road surfaces under 
motor truck traffic. How great can these impacts 
be as compared with the static weight of trucks? 
What impacts are likely to be exerted on road sur- 
faces depending upon their degree of smoothness, 
and what effect have these impacts on different 
kinds and thicknesses of surface when laid on 
different subgrades? These are some of the ques- 
tions we must answer before we can hope to design 
a road rationally. 

The impact tests now being conducted by the 
Bureau of Public Roads aim to determine— 

(1) The amount of impact delivered to road sur- 
faces. 

(2) The effect of this impact on different types of 
surface. 


MEASUREMENT OF IMPACT DELIVERED TO ROAD 
SURFACES. 

The method now being used for measuring the 
amount of impact delivered by trucks has been de- 
scribed elsewhere.' In brief, it consists of deliver- 
ing the impact of a moving truck to a small copper 
entinder, the blow deforming the cylinder a definite 
In these ex- 


amount, depending on the intensity. 


1 Preliminary Report of Impact Tests of Autotrucks on Roads, by E. B. 
Smith and J. T. Pauls, Public Roads, July, 1918. 
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JACK FOR MEASURING 


periments a concrete pit has been constructed in the 
road surface and a hydraulic jack has been placed 
in this pit. The plunger of the jack is enlarged at 
the top with a platform of suitable size for receiving 
the blow of one wheel of the truck. The copper: 
cylinder which measures the blow is placed unde: 
the plunger of the jack and the blow is transmitted 
through the plunger to the copper cylinder. Thi 
cylinders used are turned from one-half inch coppe1 
rod and are one-half inch in length. <A large number 
of these cylinders are prepared and are given 
special heat treatment to make them uniform ir 
their physical characteristics. A number of ther 
are selected from each lot prepared and are sul 
jected to pressure in a testing machine, and tl 
deformation of the cylinder is noted for each load 
applied. In this way it is possible to check up tl 
uniformity of the lot of cylinders and also to dete: 
mine how much load is required to deform them | 
e definite length. The impact deforming the coppc! 
cylinder is stated in terms of the static load requir 
to deform it to the same length. 

A little thought will show that there are a num! 
of different ways in which impact can be deliver: 
to a road by a motor truck, and the test has be 
arranged to approximate these different conditio: 
For instance, the truck while in motion is caus 
to fall through definite heights striking the plun; 
of the jack. Again, the truck is made to str 
obstructions of different heights placed directly 
the plunger of the jack and, as described lat 
several other variations of impact have been invé 
gated. 

The speed of the truck has been made one of 
variables in these investigations in order to per! 
of determining something of the law of the effect : 
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speed of impact. Different sizes and makes of 
trucks loaded with different loads are being used. 
Thus far the tests have been confined to solid-tired 
vehicles, but it is the aim to extend them to an 
investigation of pneumatic tires and to special types 
of cushioned wheels and special tires. The impact 
of the rear of the truck only has been investigated. 
as this impact is greater than that of the front 
wheels. 


RESULTS OBTAINED. 


In this discussion no attempt will be made to 
treat of all the results obtained, but, rather, the 
essential features of the data will be pointed out. 
\ number of curves are given, and these have been 
selected from a large number of test results because 
they, in general, show the maximum impacts that 
have been measured. In the tests here recorded a 
cliss B 3 to 5 ton standard Army truck, a 54-ton 
truck, and a 14-ton truck have been used. Ali of 
these trucks were supplied by the Motor Transport 
Corps of the War Department. 


CLASS B THREE TO FIVE TONS STANDARD ARMY 
TRUCK 


\eferring to curve 1, which shows the results 
obi.ined with the class B truck loaded with 5 tons 
of and and having a total weight of 7,750 pounds 
on one rear wheel and an unsprung weight of 1,837 
pounds on one rear wheel, it x toe be noted that in 
gencral the higher the fall the greater is the amount of 
impact produced. The maximum impact pressure, 
when the truck was running 15 miles per hour and fell 
through a height of 3 inches, was 42,000 pounds, 
and this was 5.4 times the static load pressure 
exerted by the rear wheel. When the rear wheel 
153350—20——4 


dropped through a height of only one-fourth inch 
at 15 miles per hour, the impact pressure produced 
was 28,000 pounds, or 3.6 times the static load pres- 
sure. It will be well to note here that the unsprung 
weight of this truck is very heavy, and it will be 
seen, as pointed out later on, that this has the effect 
of producing high impact pressures. 

In curve 2 the same truck loaded in the same man- 
ner as above was used, but the rear wheel of the truck 
was caused to strike an obstruction which was placed 
on the plunger of the measuring jack. It will be 
noted that this condition of impact is very much less 
severe than shown in curve 1 described above. In 
general, the impact pressure seems to increase with 
the velocity and also with the height of the obstruction. 

In obtaining the results shown on curve 3, wedge- 
shaped blocks were mounted on the plunger of the 
jack, the angle of inclination of the blocks being 
varied for the several tests. The rear wheel of the 
truck simply rolled over these wedge-shaped blocks 
and produced pressure on the copper cylinder as 
shown in the curve. As would be expected, the 
pressure produced increases with the angle of 
inclination of the block and also increases with the 
speed. This condition of pressure is realized in the 
road surface when a feat rolls into a depression 
and the wheels strike the far side of the depression, 
and these tests show that the steeper the far side 
of the depression the greater will be the pressure 
produced on the road. 

Should the depression be deep enough and the 
speed of the truck sufficient, the wheels will leave the 
surface of the road, jumping over the depression and 
landing on the far wide with considerable impact. 
This condition was tested by placing wedge shaped 
blocks on top of the jack as in the previous test, elevat- 
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impact. These 
tests were very 
difficult to make, 


LOUIVALEIYT STATIC LOKD 11% THOUSAND LBS. 











as it necessitated 
very careful driv- 
























































ing to make the 
rear wheel land 
directly on the 
center of the jack. A large number of runs had to 
be made before results of any value at all could be 
obtained. 


FIVE AND ONE-HALF TON TRUCK. 

In curve 5 results are shown obtained with a 54 
ton truck carrying a load of 5.65 tons, having a total 
weight of 8,060 pounds on one rear wheel and an 
unsprung weight of 1,000 pounds onjone rear wheel. 
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DEFORMATION OF COPPER CYLINDERS. 
The tests shown in this curve were obtained by run- 
ning the truck at different speeds and allowing it to 
fall through different heights. It will be noted in 
general that the pressure increases with the speed 
and to some extent with the height of fall. In the 
particular set of results recorded here, both wheels 
were allowed to fall through a definite height, 
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whereas in the other tests only one rear wheel was 
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allowed to fall. When two wheels fal! through a cer- 
tain height a slightly increased pressure under one 
wheel is produced than when 'one’ wheelfonly falls 
through the same height. 

In curve 6 the pressure measured was produced by 
the truck striking an obstruction placed on the jack, 


SLES PEFR HOUR 
CURVE 1. 


and this pressure is much less than in the previous 
case, as shown in curve 5. The same general ten 
dency for pressures to increase with the speed and 
with the height of the obstruction is shown just as 
in the case of the class B Army truck. 

In curve 7 are shown the results obtained when 
the truck rolled over wedge-shaped blocks placed 
directly on the jack. The same general shape of 
curves was obtained as in the case of class B truck, 
the intensity being somewhat less in this case. 

Curves 8, 9, and 10 show the impact pressures pro 
duced with a 14-ton truck carrying a load of 3,660 
pounds having a total weight on one rear wheel of 
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3,475 pounds and an unsprung weight of 1,065 
pounds. In curve 8 resuts were obtained with tlie 
truck falling through various heights to the weighing 
device. In curve 9 the obstruction was placed on 
the weighing device and in curve 10 wedge-shaped 
blocks over which the truck rolled were placed on 
the plunger of the device for measuring the impact 
pressure. These curves are of the same general 
shape as the preceding ones, and in view of the fact 
that this truck was lighter, the pressures obtained 
were less than previously described. 


GENERAL DISCUSSION OF IMPACT PRESSURE TE: 


It is seen from the preceding test results that un ler 
certain conditions the impact pressure produced by 
heavy motor trucks is very large, the highest pres- 
sure thus far, measured, being in the neighborli.od 
of 42,000 a when the weight on the rear w cel 
causing this pressure was only 7,750 pounds. It 
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was pointed out that the unsprung se ag on one 


rear wheel of this truck was 1,837. pounds. In the 
case of the 54-ton truck which has an unsprung 
weight of 1,000 pounds, it has been shown that the 
impact pressures produced were very much smaller 
than in the case of the class B Army truck. Con- 


sidering a specific case, when the class B Army 


truck, whose total weight of 7,750 pounds on one 
rear wheel, unsprung weight 1,837 pounds on one 
rear wheel, fell through a height of 2 inches at a 
speed of 15 miles per hour, the 9 pressure 
produced was about 34,500 pounds. In the case of 
the 54-ton truck loaded with a load of 8,060 pounds 
on one wheel, with an unsprung weight of 1,000 
pounds on one rear wheel, and under corresponding 
conditions of speed and height of fall, the impact 
pressure produced was only 23,500 pounds, or only 
68 per cent of the impact pressure of the Army truck. 
The unsprung weight of the 54-ton truck was only 
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56 per cent of that of the Army truck, whereas the 
gross load carried on the'rear wheel was slightly 
larger in the case of,the class B truck.* The indica- 
tions are, therefore, that a light unsprung weight 
tends to lessen the impact of a truck on the road 
surface. : 

Referring to curve 9, giving results for a 14-ton 
truck having a total weight of 3,470 pounds on one 
rear wheel and 1,065 pounds unsprung weight on 
one rear wheel, the impact pressure at a speed of 
15 miles per hour and with a height of fall of 2 inches, 
was in the vicinity of 14,000 pounds per square inch. 
It will be noted that the unsprung weight of this 
truck is practically the same as that of the 54-ton 
truck and the impact pressure produced is very 
uuch lower}than in the case of the 54-ton truck, so 
that it can not be said that unsprung weight alone 
influences the impact pressure produced on the road, 


but the¥sprung weight also exerts some influence 


on this pressure. 
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VIEW OF IMPACT MACHINE FOR TESTING ROAD SLABS. 


GROSS LOAD NOT ONLY FACTOR. 

These facts are very significant, for they show that 
the gross load of a truck is not the only factor which 
influences the pressure of the wheels of the truck on 
the road surface. It is possible to have vastly dif- 
ferent impact pressures exerted on the road by two 
different trucks both having the same gross weight 
but having different distribution of their sprung and 
their unsprung weights, and when questions of road 
design are to be considered the actual wheel pres- 
sure on the road is the all-important thing rather than 
the gross load of the truck. Would it not seem 
logical to take these facts into consideration in 
framing legislation dealing with the restriction of 
maximum sizes of motor trucks on roads, and more- 
over, do these facts not open the way toward a more 
equitable system of license fees than the more or 
less arbitrary systems based on gross load, carrying 
capacity, or horsepower now in use? 

“he effect of the speed of trucks on the amount of 
impact produced on road surfaces is indicated by 
these tests. It has been stated that the impact of 
vehicles on roads varies as the square of the speed, 
but the present tests indicates that within practical 
speed iimits this is not the case. In the results ob- 
tained thus far the impact on the road varies with 
some — of the speed, this power, however, being 
less than two and extending down as low as one. 
The present data do not warrant a close analysis to 
determine this relation. 


SPRING DEFLECTION A FACTOR. 


At first thought it would seem-that the impact 
should vary directly as the height of the fall when 
a truck rolls off an obstruction and falls on a road 
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surface, but these tests indicate that this is not true, 
the reason being that the action of the springs of the 
vehicle give the unsprung weight an acceleration 
above that due to gravity and, depending upon the 
spring action and upon the amount of sprung and 
unsprung weight, the impact effects with various 
heights of fall are likely to vary with different trucks. 
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The amount of spring deflection at the instant the 
impact occurs is another factor influencing the 
amount of impact on the road. 

Having determined the amount of impact exerted 
on surfaces by trucks under these artificial condi- 
tions, the next question arises as to what impacts are 
actually produced on road surfaces of different de- 
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grees of roughness. Undoubtedly the road having 
a rough surface will be subjected to greater impact 
than the smooth road, and information of this char- 
acter has as yet not been obtained, but it is hoped 
that it will be possible to obtain these results within 
the coming year by means of special equipment now 
being constructed. 
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What use shall be made of the results of the im- 
pact tests in the design of road surfaces? The 
theory for the design of beams under static loads 
states that the strength of the beam varies as the 
square of the depth, and in one instance use has been 
made of this theory to place road surfaces of different 
kinds on an equal basis so far as their load-carrying 
capacity is concerned. On the other hand, it may 
be shown theoretically that when loads are applied 
with impact on beams their strength varies directly 


as their depth and not as the square of the depth. 
With rubber-tired vehicles it is a question as to 
whether the impact produced is of a suddenness re- 
quiring design + the latter theory, and it would 
seem to be reasonable that in view of the cushion 
effect of rubber tires the load-carrying capacity of 
the slab will vary as some function intermediate 
between D and D*. When the proper theory to use 
is determined, knowledge of the amount of load ap- 
plied by impacts will permit of actually designing 
roads to properly sustain these loads. 
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CURVE 9 


DETERMINATION OF THE EFFECT OF IMPACTS ON 
ROAD SURFACES. 

Having obtained the amount of impact exerted 
by trucks, the next question is that of the damaging 
effect of impacts on road surfaces. We are attempt- 
ing to gain some information on this point through a 
series of tests now under way. We have con- 
structed a number of slabs 7 feet square laid directly 
on the subgrade. Half of these sections are laid 
on a subgrade which is purposely kept wet and half 
of them are on a well-drained subgrade. The sec- 
tions thus far constructed include concrete in depths 
varying from 2 inches to 10 inches and brick con- 
structed on varying thicknesses of concrete base. 
Various kinds of brick have been used, including 
repressed, wire-cut lug and vertical fiber brick. 
We have used monolithic, semimonolithic and sand 
cushion construction; both Portland cement grout 
and bituminous mastic fillers have been used. One 
section is laid on a bituminous mastic cushion with 
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a bituminous mastic filler. In other sections tlic 
brick have been laid directly on a subgrade and in 
still others on a prepared macadam base. We are 
testing these slabs by means of an impact machine 
which is designed to represent the conditions existing 
on the rear wheel of a truck. This machine has an 
unsprung weight of 3,000 pounds and will carry 
sprung weight of 9,000 pounds. These weigh’ 
correspond approximately to those that would ex 
on the rear wheel of a 74-ton truck. The lower en 
of the sprung weight is shoed with a solid rubl 
tire and the whole weight will be raised to a heig 
such that when allowed to fall, the impact deliver: 
will be one that might be delivered by a 7}-t 
truck. The observations will consist of noting | 
behavior of the surface under repeated impacts 
this machine and will also include measurements »f 


(Continued on page 25.) 











HE growth of the Federal aid post road work 
carried on under the supervision of the 
Bureau of Public Roads is graphically shown 

by the progress curves herewith presented. These 
curves show the status of work from month to 
month since the passage of the act in July 1916, to 
the latest monthly statement dated October 31, 
1919. There are many stages of the work not 
shown, but the four principal stages outlined in the 
act are covered, namely, project statements approved 
by the Secretary; plans, specifications and estimates 
recommended for approval by the Chief Engineer; 
project agreements executed by the Secretary; and 
vouchers passed for payment by the auditor. 

It will be seen that a very noticeable impetus 
was given, to all stages of the work by the passage 
of the amendment to the act, February 28, 1919, 
whereby an appropriation of $200,000,000 was 
added to the original $75,000,000. 

The actual value of work completed to date on 
Federal aid projects is considerably in excess of 
that shown by the curve ‘‘ Vouchers paid.” This 
is due to the fact that there is a lag of from one to 
four months between the completion of work and 
the presentation of the vouchers. There are also 
some projects which require that Federal aid pay- 
ments shall be made only upon completion of the 
entire project. There is every indication that this 
season’s completed work will call for Federal-aid 
payments of at least $25,000,000. 

On October 31, 1919, there were 1,929 project 
statements approved by the Secretary. These 
represented a total of 18,597 miles and were esti- 
mated to cost $225,159,801, of which amount 
Federal aid was requested to the amount of $95,498, - 
139.65. If the curve can be assumed to indicate 
the probable future progress of the work, it would 
be expected that the total $275,000,000 Federal aid 
would be covered by approved project statements 
about December 31, 1921. 

Vlans, specifications and estimates have been 
recommended for approval by the chief engineer 
for 1,373 projects. These projects represent 10,373 
miles of road with a total cost of $145,777,433, of 
Which Federal aid has been recommended for 
$62 745,137. The approved plans for the above 
roais show practically all the usual types of con- 
struction, and the estimates show a range in cost 
per inile from $2,500 to $100,000. 

A\ the same rate of progress as that shown on the 
cur, for the past six months, sufficient plans would 
be recommended by the chief engineer by October 
31, 1921, to take up the entire $275,000,000. 
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GROWTH OF FEDERAL AID WORK. 


By A. C. BRUCE, Office Engineer, Bureau of Public Roads. 
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(Continued from page 24.) 


deflection of the surface. Nothing can be said of 
the results at the present as the tests have not pro- 
gressed to that extent. We aim to continue these 
investigations with bituminous surfaces laid on con- 
crete bases using a 1 : 3: 6 as well as al: 14:3 
base. In addition, broken stone bases will be used 
under the bituminous surfaces. 

With the completion of these tests it is hoped that 
sufficient. data will have been accumulated to place 
the design of roads on a much sounder basis than 
at present and it is hoped that the results combined 
with the results of still other investigations will 
finally lead to a suitable method for determining 
with certainty on road types and cross-sections for 
definite subgrade and load conditions. In con- 
clusion, the writer wishes to give due acknowledge- 
ment for the work of E. B. Smith and J. T. Pauls 
who are conducting these impact tests in detail. 


VOTE ROADS BONDS. 

Three districts of Kanawha County, W. Va., have 
voted a total of $1,459,000 in bonds for the improve- 
ment of highways. The districts are Cabin Creek, 
$904,000 of bonds, Elk, $395,000, } 


; and Union, 
$160,000. 
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NEARLY $25,000,000 ALLOWED IN 
FEDERAL AID IN TWO MONTHS. 


N September and October Federal-aid allowance 
to roads in the projects approved by the Secre- 
tary of Agriculture called for $24,780,906.43, 

or about one-fourth of the total amount of Federal- 
aid money apportioned to the States under the 
Federal-aid act and the amendment to the last post- 
office appropriation law for the present fiscal year. 
In the two months agreements signed by the Secre- 
tary and modifications to previous agreements the 
Federal-aid allowance amounted to $14,046,541.73. 
The cost of the roads in the statements approved 1s 
estimated at $52,722,392.10 and that in the project 
agreements signed at $32,284,579.31. 

Up to the close of office hours October 31 last, 1,927, 
project statements, representing 18,596.788 miles of 
highway, had been approved, while the Secretary 
of Agriculture had signed 1,065 project statements, 
representing 8,407.293 miles of road. The total 
amount of Federal aid allowed in the statements 
approved amounted to $95,498,140.85 and in the 
agreements executed to $46,107,333.38. The high- 
ways included in these projects are estimated to cost 
$225,267,847.25 in the statements approved and 
$107,549,468.74 in the agreements signed by the 
Secretary. 


SEPTEMBER A BANNER MONTH. 


The Bureau of Public Roads considered more 
Federal-aid projects in September than in any pre- 
vious month. The record shows 165 project state- 
ments approved, 8 revised statements approved, and 
2 withdrawals, while 98 project agreements and 23 
modifications of previous agreements were signed by 
the Secretary of Agriculture. The statements ap- 
proved were for 1,606.62 miles of road, estimated to 
cost $27,645,241.91, with Federal aid amounting to 
$12,703,746.24. The agreements signed were for 
625 miles of road, estimated to cost $13,056,082.22 
and a Federal-aid allowance of $5,680,742.89. 

In the number of statements approved Minnesota 
led with 16, while there were 2 revisions from that 
State. New Hampshire and West Virginia each 
had 15 projects approved, Nebraska coming next 
with 11. The Nebraska mileage was 217.367, mostly 
for earth, gravel, and sand-clay roads, that of Min- 
nesota 161.25, West Virginia 81.11, and New Hamp- 
shire’s only 13.436, an average of less than a mile to 
a project. 

The Nebraska mileage was the greatest included 
in the projects approved during the month from any 
one State. Indiana had the second largest, 185.8, 
that of Minnesota came third, followed by Montana 
with 106.5 miles and New Mexico with 95.5. The 
Indiana roads are all to be of asphalt, brick, or con- 


crete, while the Minnesota and West Virginia proj- 
ects include a considerable mileage of hard-surface 
construction. The Montana and New Mexico roads 
are to be mostly earth or gravel. 

In five States the statements approved show esti- 
mated cost of roads in excess of $1,000,000, and in 
three States the Federal aid allowed is more than 
$1,000,000. The five States together had 34 state 
ments and 4 revisions approved, with an estimated 
cost of the roads $15,184,871.51, or 54.7 per cent of 
the total for all the States. The Federal aid allowed 
for these statements amounts to $6,986,322.94, more 
than one-half the total for the month. 
five other States the roads will have 


cost of over $900,000. 


In each of 
an estimated 


Indiana not only led all the other States in’ the 
estimated cost of the roads embraced in’ the state 
ments and in the amount of the Federal-aid allowance 
but the aggregate for that State was by far the great 
est for both cost and Federal aid for one month 
since the passage of the law. The totals of the only 
four projects approved for that State are estimated 
cost $7,128,013.20 and Federal-aid 


$3 .537.330.80. 


allowance 


LARGEST PROJECT TO DATE. 


One of the four Indiana pre jects breaks the record 
for estimated cost and for Federal-aid allowance 
It is for 114.4 miles of road running from Evansville 
north through Vanderburgh, Warrick, Spencer 
Dubois, Orange and Lawrence counties estimated 
to cost $4,223,076 and will be given Federal aid to 
the amount of $2,111,538. Another Indiana project 
for 56.7 miles in Lake, Porter, and Laporte Counties 
of the same construction, will cost $2,292,351, wit! 
an allowance of $1,134,000. This is the third 
largest project, in estimated cost, in the records. 

Kansas follows Indiana in September's record 
Her five projects approved have an aggregate co 
of $3,498, 754.59 for 87.28 miles of road and wil 
receive $1,309,200 Federal aid. The largest Kans 
project is for 44.5 miles of concrete road in Sumn 
County, estimated to cost $1,622,808, with an alloy 
ance of $667,500. Unlike the Indiana projects, t! 
is all in one county and is to date the largest proj: 
on record for a single county. A second Kans 
project, for 25.07 miles of asphalt, brick, or concer 
road in Dickinson County, will cost $1,119,648. 
according to the estimate, and will receive Fede: 
aid to the amount of $376,050. 


BIG PROJECTS IN ILLINOIS. 
Illinois had two new projects and a revised proj: 
approved, for an aggregate mil sage of 50.83, 





estimated cost of $1,995,711.40 and Federal aid of 
$1,043,090.70. The revised project was for addi- 
tional mileage of 10.7, added estimated cost of 
$837,001.80 and Federal aid of $463,735.90, for a 
bituminous macadam or concrete road in Kankakee 
and Iroquois Counties. This revision gives. this 
project, Illinois No. 2, a total length of 65.2 miles, 
an estimated cost of $1,741,701.80, and an allow- 
ance of $870,850.90, making it the fourth largest 
project approved in the history of Federal aid up 
to September 30, 1919. 

Sixteen new and two revised projects in Minne- 
sota, aggregating 161.25 miles in length, are esti- 
mated to cost $1,486.385.64 and will receive 
allowance of $673,997.68. 


an 
Texas is the fifth State 
whose project approvals for the month exceed 
$1,000,000. Seven new and one revised project in 
that State, 87.491 miles long, will cost $1,126,006.68 
and receive Federal aid amounting to $422,703. 

California will receive $475,688.95 Federal aid 
on four projects estimated to cost $951,377.90; 
Maryland $456,464 of Federal aid for five new and 
one revised project to cost $948,879.25, and West 
Virginia $438,689.10 Federal aid for 15 projects 
estimated to cost $912,124.90. 


HIGH COST OF ROADS PER MILE. 


The 2.01 miles of concrete or brick road in Cuya- 
hoga County, Ohio, project No. 84, estimated to 
cost $190,011, is the highest costing project approved 
in September. It is at the rate of $94,532.83 a mile. 
This is probably the highest cost per mile of any 
project approved to date. In a recent issue the 
cost of a short project in Massachusetts, 0.578 mile 
long, Was stated to be at the rate of $127,864 a mile. 
This was a mistake, as included in the project was 
a concrete bridge at the estimated cost of $49,758, 
bringing down the cost per mile of the road to a 
much smaller amount. 

New Jersey’s only project approved during the 
month is a concrete road which is estimated to cost 
at the rate of $85,404.34 a mile. 
Grand Forks County, N. 


A short road in 
Dak., less than a mile in 
kk neth, will cost at the rate of $65,904.17 a mile. 
In Kanawha County, W. Va., 2.6 miles of concrete 
road are estimated to cost $53,302.19 a mile. In 
her 5 projects approved Kansas has the high average 
0! $40,086. 55 a mile for 87.28 miles of road. 

In the project agreements for September, Pennsyl- 
vania led all the States, with 22 agreements signed 
by the Secretary of Agriculture for a total of 114.586 
miles of road, estimated to cost $5,534,619.60, and 
a Federal-aid allowance of $2,324,927.72. Wash- 
ington was second in the record, with 12 original 
an 3 modified agreements, for 77.47 miles of road, 
estimated to cost $1,602,431.80, for which the Federal 
ai! will be $745,039.69. 
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APPROVALS AND AGREEMENTS IN OCTOBER. 


October was another big month in the considera- 
tion of Federal-aid projects, and the figures for both 
statements approve 1! and agreements executed made 
records. Statements approved numbered 185, and 
there was 1 revised statement in which the allow- 
ance of Federal aid and the estimated cost of the road 
was increased. This is the largest number of state- 
ments so far approved in a single month. The mile- 
age of the roads involved showed an increase of 232 
miles over the large September mileage. There was 
a decrease, however, from the previous month in the 
estimated cost of the roads and in the total amount of 
Federal aid called for in the approved projects. 

In project agreements signed by the Secretary of 
Agriculture there was a big increase over the Sep- 
tember figures, making the October record far ahead 
of that of any previous month. The Federal-aid 
allowance on these agreements was at the rate of 
S$100,000,000 a year. The Federal-aid allowance in 
the projects approved during the month was at the 
rate of $145,000,000 a year. Of the agreements exe- 
cuted all represented approvals made in previous 
months. 

The figures for October were: Project statements 
approved, 185; revised, 1; 


withdrawn, 3; mileage of 
projects, 


1,848.098; estimated cost of roads, 
$25,502,372.28; Federal aid allowed $12,077,150.19. 
Project agreements signed, 138; modifications of 
previous agreements, 20; mileage, 888.948; estimated 
cost, $19,227,497.09; Federal aid allowed, $8,365.- 
798.92. 


IOWA FIRST IN MONTH’S RECORD. 


In the statements approved the estimated cost of 
roads in eight States is greater than $1,000,000, while 
two States will receive Federal aid amounting to 
more than that amount. Several States which have 
not heretofore taken high rank in the monthly 
record of approved statements came to the front in 
October. 

Towa is the banner State for the month, being first 
in total mileage involved in the approvals, in the 
estimated cost of the roads and in the Federal aid 
allowed. She was third in the number of projects 
approved, 14. The total mileage of the roads in 
these 14 projects is 216.81, no other State’s approvals 
representing as much as 200 miles. The estimated 
cost of the roads is $3,978,847.95 and the Federal- 
aid allowance $1.951.750. 


North Carolina with an estimated cost of $2,182,- 
381.36, an allowance of $1,091,190.66, for 18 roads 
having a mileage of 135.61, stood next to Iowa in the 
amount of Federal aid and the cost of the roads, and™ 
second in number of projects and fourth in mileage. 

Tennessee was third in estimated cost and Federal 
aid allowed, the figures being, respectively, $1,849,- 
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780.39 and $924,890.17, for 6 projects having a mile- 
age of 97.69. Georgia had 23 statements approved, 
8 more than North Carolina, the second State in the 
number of projects. They were for 147.05 miles, 
next to the largest mileage of the month. The esti- 
mated cost of the roads is $1,779,729.56, the fourth 
on the list. Michigan, Oregon, Missouri, and Texas 
are other States represented by approved statements 
aggregating more than $1,000,000. 

In the cost of the roads in the agreements executed 
Ohio led all the other States, with an estimated cost 
of $2,543,483.80, for which there will be a Federal-aid 
allowance of $1,119,000. Illinois was second in the 
estimated cost of her project agreements, $2,877,- 
565.18, and first in the amount of Federal aid, 
$1,431,900.74. Indiana came third in the cost of 
the projects and second in Federal-aid allowance, the 
figures being $2,294,383.23 and $1,125,000. Wash- 
ington and Georgia are other States in which the 
estimated cost of the roads in the agreements ex- 
ceeded $1,000,000. 


MICHIGAN’S LARGE PROJECT. 


Michigan, with only two project statements ap- 
proved in October, holds the distinction of presenting 
the largest one for month, while her second project is 
also one of the big ones approved. The largest proj- 
ect was her No. 35, for 25.559 miles of brick, con- 
crete, or bituminous road in Jackson and Washtenaw 
Counties between Jackson and Ann Arbor, estimated 
to cost $1,018,050, for which the Federal-aid allow- 
ance is $509,025. The other Michigan project is 
estimated to cost $627,110 and will receive an allow- 
ance of $287,850. It is for 14.211 miles of road in 
Wayne County, between Dearborn and Flat Rock, 
known as the Telegraph Road, and will be built of 
brick, concrete, or bituminous. 


Project Cann Length, 


State. : 
tat No. in miles. 
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FEDERAL AID PROJECT APPROVALS AND AGREEMENTS FOR OCTOBER, 1919. 





fowa had three large projects approved, their 
aggregate cost being estimated at $2,543,483.80_ 
for which there is Federal aid amourting to $1,234,- 
600. Two of these projects are parts of the North 
lowa Pike. The largest is that part of the pike in 
Hancock County between the Cerro Gordo County 
line and Kossuth—24.9 miles of brick or concrete 
road, estimated to cost $953,350.20, with an allow- 
ance of $476,600. That part of the pike in O’Brien 
County, between Sheldon and the Clay County line, 
also to be of brick or concrete, 22.59 miles long, 
will cost $832,436 and receive $416,000 Federal aid. 
The third of the big lowa projects, 17.1 miles of 
brick or concrete, is in Black Hawk County, part 
of the Hawkeye Highway, between Waterloo and 
Cedar Falls, with a cost of $757,697.60 and Federal 
aid of $342,000. 

A large Tennessee project has an estimated cost 
of $721,134.47 and is given an allowance of $360,- 
567.23. It is 48.876 miles long, is to be macadam, 
and is a part of the Bristol-Memphis Highway, 
between Tate Springs and Kingsport, in Grainger, 
Hawkins, and Sullivan Counties. The cost of this 
macadam road will average over $14,750 a mile 
It runs through east Tennessee mountainous and 
hilly country. Among the other Tennessee projects 
is No. 16, for a bridge 0.237 mile long, over the 
Cumberland River near Clarksville, in Montgomery 
County, which will cost $176,543. 

Maryland project No. 37, 19 miles of concrete 
road between Ingleside and Lamber, in Queen Anne 
and Kent Counties, will cost $660,000. Arizona and 
Oregon are represented in the projects, which will 
cost between $500,000 and $600,000; an Oklahoma 
project will cost $399,300; and projects in Missis 
sippi and North Carolina are estimated to cost about 
$342,000 each. 


Pr t Project 

OJOC * 

P ; agree- Estimated , 
ype of construction atement ment cont Federal 


pproved.| signed. 





Alabama. . 2 Lowndes 2 «4 861. 80 
48 Barbour. 8.66  Sand-clay Oct. so 40, S38. 41 20, 41! 
63 | Dale..... 6.34 _..do Oct. 4 35, 337. 61 17, 66s 
OF fewnccs ss cs do Oct. 1 138, 440. 50 69, 22 
68 Bullock... 10, 23 _do.. Oct. 20 78, 135. 47 39 Of 
69 | Lamar... 6. 84 Earth and gravel lo 26, 581. 50 13, 20 
70 | Barbour.. 3.00 Sand-clay Oct. 10 28,711. 01 14,3 
Arizona. 8  Maricopa.. 6.641 Concrete or bituminou Oct. 24 210, 978. 02 105, 1 
12 Yavapai. - 1.961 Macadam Oct 2 133, 054. 11 39, 2 
16 Pinal and Gila 20. 00 Macadam or gravel Oct 2 539, 803. 00 269, 9 
19 Yapavai... 15.144 Earth and gravel Oct. 10 : 56, 622. 15 28 
Arkansas. . 31 Cleveland. 7.62 Gravel... do 86, 216. 90 23,0) 
33 | Crom...... 4.74 .....do Oct. 30 41, 492. 70 3 
35 | Puiaski. . 8. 81 Bituminou Oct. 16 188, 419. 60 87 
36 Washington 41.40 Gravel Oct. 8 215, 229. 41 100 
39 | Grant... 14.30 _.do. Oct. 24 52,090. 50 15, 
California . . 21 Ventura.. 5.19  Concrete.... Oct. 11 166, 885. 40 83, 4 
22. Los Angeles 1. 29 mee .do 42,310. 40 21,150. ¢ 
a lesees a 5. 23 Bituminous ; .do 100, 070. 85 50, te 
31 | Del Norte. 4.08 Gravel Om. WW |.:. ; 37, 510. 00 18 
Colorado. . 11 | Yuma... a 7.49 Earth Oct. 23 24, 036. 37 12 oe 
22 Otero... ‘407 Concrete Oct. 24 10, 572. 92 5, 251). 46 
27 | Mesa......... "065 do Oct. 27 10, 286. 10 5 
36 Boulder...... 1.633 |..... do Oct. 13 44, 855. 52 22 (0 
37 — See 4 eee c  ——- do.. 44, 622. 88 ee “3 
43 Kit Carson... 18.049 Earth.. OGb. BD le wsosesees 43,218.78 21 id 
60 | Otero........ .413 Concrete +. Oct. 3 10, 605. 92 B- = 
Delaware... oS ee 5.981 .....do.. : Oct. 6 210, 143. 11 54 00 
Oct 20 


Newcastle... 





93, 500 22 61 
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Project 


avO, 


County. 








‘ Brooks and Lowndes 
7 Madison 



































































31) Geary and Dickinson. 
34 Bourbon ‘ 
37 | Montgomery 


t 
33AB \ Carroll. 
35 | W ashington.. 
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Amounts 
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Type of construction. 


Sand-clay 


Brick ore on rete 
Earth 

Brick or concrete 
Brick or concrete 


Sh arikd biaie eh esianhiae wk be 35 — 
417 | East Carroll... 3 ) 
\ land . af 15A | Baltimore........... l 
24A Allegany SEE = RRS RY erence pn oe | 
26A Baltimore ! 





1919 


rater ree- Estimated 


cost. 


1and Johnson. 73 a ss 1 774 
os 1. 489 _ 41 475 
itnam, and Clay 7.37 r Ss 2 354.8 
6.14 fee “4 
mand M irion 5. 765 a 2 7] 
i nist Joseph &. 308 Sees oT; 
ph and Elkhart 3. 501 io 28 706.91 
. 2.462 -do. : 
und Henry. . 8 84 + “AA RO FO 
‘ 1 18. 36 Gfavel { 
Vista 12. 86 : Sao 7.2 
J 7 concrete Q ( 
1 


araie 12.14 Gravel....... ( 
tucky. 6 | Rockcastle............. BER | BPG. .cccccccs 
isiama..... 10 8 ae 11.91 — 


44,156.38 





Continued. 


Federal aid. 


2 $21, 204. 02 
do 48 491.5 
11 Lowndes 2 bridges 16, 643. 09 
P| MN as .n6 «0's b sarsae se ew'a.dvieole aviedeeast een do... a 17, 893. 55 
16 Merriwether 10. 28 7 gy or sand- clay ) 10 
19 Bleckley 1. 48 farth. 12 4.38 
28 Paulding.. 9. 505 Bonde lay or gravel 4). 215.91 
29 Emanuel 10 bridges. 140, 438. 01 
38 Broo Me nen 58 353. 29 
12 Chatham 13.534 Brick, concrete, or bitumir 24,091. 08 
44 ~Hall 4.00 Concrete.... 2 61. 24 
19 Mitchell 13.367 Sand-clay.. 67. 997. 43 
WA Colquit 85 Concrete. . . 14. 128. 99 
60 Stephens 11.014 Sand-clay 61, 298. 9. 
gt) 6. 00 Concrete or other durablk l 12. Of 
82 Lumpkins &. 50 Gravel. 68. 558. 38 
83 Walton 5. 83 Sand-clay 29, 242. 88 
R4 lo 9, 25 .do i 14 
85 ©6©Haralson 5. 00 in... 142.5 
a do 4.00 _— a 29 1. 26 
S .do 4. 00 ..do.. IR. 5 
8S Brooks . 7. 00 Asphalt, bric k, or concrets 9. 5 
89 Baker and Mitchell... <a Bridge. 60, 786. 00 
” Cook ai 14.70 Con trete 2 305. 41 
1 Lownd 4.90 Permanent 19,110.00 
V2 Wilke 5. 20 Con*rete 27. 250.2 
3 T lorand Upson 3.00 San l-clay 14 006.4 
4M Doole 12.50 do $851. 5 
mo M ll 12.20 .do 12.8 5 
" FI 1 7.25 Bituminous s M) 
’ Troup 5.15 Sand-clay 1] 7 I 
s 5.47 ...do & 375.2 ‘ 
” Th 4.30 Bituminous 2 O11 
10 I 12.50 Sand-clay . 5, 869. € : 
1Ol Su 5. 00 Bituminous 1.1 
10 Co +00 — oe 79.817. 65 
103 ¢ im 3.305 | Concrete or bituminou 3.1 
) 18 Latah. 22.40 Macadam 295, ¢ 8 
20 Boundary 18.00 Gravel... 3 81, 217.0 
21'8B nevi lle. 10.00 Concrete or bituminous 280.1 
oe ) $00 Ge... 1). 2 
25 Bin ! 1am... 2.00 881.7 
22) Will, Kankakee, Iro: juois 17.113 | Bitt iminous, macadam, and 8 87 
} Will : 6.788 | Brick part way 213,49 
Marsal)... .ccccccesee 12.278 | Concrete and earth ) 557.61 
_ NR eee ee 8. 465 do 8 4 : 
‘ Gr y, Bureau, LaSalle Put 18.112 | Concrete... 2 
nam, and Marshall, 
* Madison, Macoupin, Sangamon 19.57 Brick and concrete 48 
ekcivvcsawdwnncae ; 16. 459 .do. : 014.42 
1 | Elkhart 355 Brick, concrete, or bitumin 


oO 
37 | Queen Anne and Kent.......... 19 O 660, 000. 00 

M. sachusetts... Ag Se rey 3. 5é Oct 73, 488. 57 ian 
it Saar eeae 3.6 Concrete. es : 141, 110. 75 37 

Mi higan... 2 35 | Jackson and Washtenaw.... 25. 559 | Brick, concere te , or bituminou oO 8 018, 050. 00 025. 00 
It... Se Saree 14.211 | Concrete....... O ‘ 627, 110. 00 287, 850. 00 

Minnesota........ tL oie ioe 36.00 | ORG. c<.ccs.. s 149, 788. 29 70, 000. 00 
Oe FW iontticcstmadckisca'sscatoc ue 8.30 | Gravel 


47, 009. 00 






















Vv 
2 Includes sections 3, 8, 9, 10, and iL 15d of project. 

’ First agreement on project 5includes sections B, C, D, and G-15d and second 
* Agreement is for sections A, C, D, and F-29a of project No. 7. 

$ The first of project 8 agreements is for sections D and E and the second for sections I, f 


sections I I M 
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Project Project 
Project . Length 1" : agree- Estimated : . 
: c , _? » of construc state “ederal aic 
State No. County. in miles. l'ype of construction eee ment Cont. Federal aid 
signed. 

































Minnesota .......- é Rn tcieGs uuid &cisegnavecn asa 5.52 | Gravel.... : Oct. 16 $48, 574.13 $24, 287. 06 
49 | Chippewa......... EC ee ee ark 2 eee | SES : Oct. 3 85, 586. 53 40, 000. 00 
le... ._ ees . eS Se : Oct. 16 15, 238. 02 7, 500. 00 
SE. SPR con eaahaeiar . 7s do.... Oct. 14 93, 157. 91 46, 000. 00 
78 | Yellow Medicine. .............. B6.GO fecces do Oct. 10 ; 49, 852. 66 24, 926. 33 
83 | Pennington.. ia a & | do 31, 154.14 15, 577. 07 
Ie — ees cpevesert x ree do. Oct. 15 61, 369. 00 30, 684. 50 
88 | Chippewa............. pare 5.00 oF Oct. 14 49, 410. 84 24, 705. 42 
90 | Rock....... “PUSS RAR EE 6.00 Concrete . Oct 3 213, 071. 65 106, 535. 82 
iy ne ee om 9.9 Gravel Oct. (4, 271. 07 $2,135. 53 
B08 | Cottomweoed. ... 2... ccccccccccce . S.@7 |.....00;. Oct. 28 pads 68, 901. 37 34, 450. 68 
Mississippi... .-.-. 14 | George........ cule ieeneme aoe uicten Gates Sand-clay ; -ee] Oct. 13 1 5, 927. 69 1 6), 358. 68 
} reer cas wes anendy 4.00 | Concrete... ‘ t ogke 400 
aka aie 3 ae ‘ 
pte had bracnase 4.4/7 Ox l 108, 432. 50 4, 216. 25 
ee | 7A | Mississippi. ; 7 15.30 | Gravel Oct. 4 444, 442. Sf 222, 221. 43 
| 20 | Cass...... Sdae eis uien 19.00 | Macadam Oct. 8 170, 869. 88 85, 434. 94 
2 | Pettis...... 5.30 | Bituminous Oct 2 60, 761. 80 30, 380. 90 
27 | Cooper..... i 80 do. lo 129, 438. 10 64,719.05 
30 | Morgan..... 11.10 Gravel. 4), 123. 00 23, O61. 50 


Washington... 


Christian... . 
Gentry.... 












































Ss 
New Madrid. . ) . 3 él 
, | 41 | Pemiscot.... : 4.50 |.....do 42, 619. 22 21, 309. 61 
i. | Montema.......... $8... ore 4.13 do Oct. 2 21, 994. bt 10, 997. 33 
ii 18 | Custer......... - 90 |.....do Oct. ¢ 21, 954. 62 10, 977.31 
; 35 | Wibaux....... ‘ ; 5.€8 a On 20 24, 221.8 12, 110. 91 
; 39 | Ravalli...... ees Bridge Ovt. 25 20,751. 50 10,375.73 
oa 47 | Carter.. CARES . 13.00 | Earth Oct ; 22, 000. 00 11, 000. 0 
44 52 | Yellowstone... .. 2.00 Gravel Oct 8 63,910.00 31, 955. 00 
:: | ee Sa 1.10 | Concrete Oct. 1¢ 40, 920. 00 20, 400. 0 
rf Nebraska. ........ 4 es ‘ : ees Farth Oct { 1 84, 262. 97 1 42,131.48 
5 | Madison and Platte 2.99 Farth and sand 11 Oct. 11 2 12, 425. 20 26,212.60 
2 Douglas. é : 15.04 Farth Oct. 25 49. 865. 76 4 939. && 
’ 32 | Adams and Webster 27.3 oe Oct { 138, 829. 44 69,414.72 
3: 46 | Red Willow... 7.14 |.....40 do 107, 310. 12 53. 655. 0 
: | 61 | Blaine........ ‘ 9.40 | Sand-clay Oct. 24 ie 46. 750.00 23° 375. 0K 
3 ae e 11.28 Farth Oct. I (0, 793. 30 30, 396. ¢ 
4 81 | Dodge...... 5. 94 Concrete Oct. 27 199, 440. 34 60, 221.1 
{ 06 | Custer.... " : 30. 20 Sand-clay Oct ) 107. 250. 00 53,625. 
101 | Secottsbluff....... ; 6. 25 Gravel Oct 6 ‘ 46.156. 00 23. O78. (M 
+? | | ee ee ce adn tne en Bridge do ; 107, 030. 0% 53,515. 00 
Pt) eee 24 | Churchill....... sce 17.30 | Gravel or macadam Oct. 18 oe 220, 440. 00 110, 220. 0 
> 25 | White Pine..... wks aS 28 Sand-clay or gravel lo ne 8, 525.00 4,262 
New Hampshire. . 33 | Rockingham...... 3.052 | Gravel Oct 3 17, 967. 62 §, 983. 81 
és OF hescae _ ere eetencaadiu dares 1.022 | Macadam , Oct. 3 13, 261. 49 6, 630.74 
7) | 38 | Hillsborough.... ; he 1.04 situminous Oct 3 13, 446. 68 6, 723. 34 
¢ | 43 | Rockingham.. : 3 ' 1.023 | Gravel : do 10, 323. 9 5, 161. 98 
| ' ¢ Ses _ ae ‘ : : 98 Macadam. do 13, 165. 02 6,582 
. — ere ess ; .758 | Gravel do 7,407.07 3, 703 
é OE Puente Diictwetwae ; 79 — do . 10, 220. 65 5,110 
m |, ae / aa ‘ 2 3 al Gee do potesee a. S 13, 266.00 6, 633. 
} 67 | Strafford........ —— .80 |.....do G0. ..c. 7,328. 09 3, 64 
‘ 69 | Cheshire and Sullivan - $11 |.....do Oct. ii 8, 998. 99 4,449.4 
j 77 Hillsborough. . . : . 455 _..do _.. Oct. 16 7.564. 70 3, 782 
80 | Rockingham. . ; LES SR = Bridge Oct. 114 5 239. oO) 2.919 
° 82 | Merrimack........ ; 47 | Gravel Oct { 9, 444. 49 4,722.2 
Pf 83 | Strafford... san 1.028 |..... do Oct 3 14, 572. 03 7, 28 
, 86 | Merrimack... . E : ; , 4 oe do. Oct x 7. 775.98 3 Ae 
; S87 |..... do........  Beesex do. Oct ( 9,997.79 4 GOR. S 
} i, ee er me Bo do Oct. 1 14, 303. 30 7,151 
New Jersey....... 5 ; ; 


- 


New Mexico...... y. x¢ : “ees aah BFS. 








| 3 | Santa Fe.... St0y eee ND Lay: Pe ae do.....| 135,637.41 1 17, S78 
4| Valencia...... : ; E Graded earth surfaced where needed Oct. 24 1 3, 264. 95 11,632 
11 | Lincoln....... Gravel . - i Oct. 2 42,661.08 21, 33 
12 | Chaves........ Gravel and macadam . Oct. B 1 18, 248. 68 19,124 
15 | Dona Ana..... Ss Concrete. . Oct } 1 76,031. 39 1 38,01 
if =e 5. Oct. 30 39, 517. 23 19,7 
28 | Grant... , 16. 00 oO 30) 239, 475. 50 119,7 
36 | Sandoval.... 6.00 Oct. Bl. viscose 4°, 378.00 24,18 
38 | Union......... 11.10 Oct 4 70, 133. 25 35, Of 
North Carolina. ... Dt SD cvke cuter nddnacevdeed 13. 46 “ = Oct. 14 62, 800.71 31, 40 
te. SS 8.175 | Sand-clay ..... we Oct. 2 85,431.75 42,71 
2h See 4.607 | Asphalt or concrete... .. : .-| Oct. 3 141, 105.71 70,5 
ED hema wbicikesaceuwe vidas need 3 sere ' 5 PE oe : Oct. 16 192, 712. 42 96,3 
Oe 2.003 | Bituminous........... , = eee eee! Oct. 13 58, 564. 93 29, 28 
gh eee ee A Bo Ere ae | eee 232, 105. 50 116, 0 
8 EES or eee 5.90 | Sand-clay.. ge eee 38, 501. 80 19, 2 
(i Sele 7.80 | Gravel.... a ee 46, 268. 02 23,1 1 
i aide ais ia ass Gaicte'oa mechs 12.31 | Sand-clay..... Se | See 53, 892. 52 26,94". 2 
| se ees eeeaaer Be (ES hoc nc sac der euwcncedes veal GeO iicewenedee 244, 048. 09 122, 4 
(8 ere OS ee eae i? | ere 89, 098. 22 44,54). 11 
63 | Bumcombe................ 3. cienxs 0s Gat. 6 levees — 116, 818. 08 58,4 4 
Pe MW iretsewvarscdecevwdewss 14.30 | Comorete.............. ov 4 a |) ner 267, 339. 60 133, 660. 80 
UNS cnvetdatnwssnewwsecwcs 6.20 | Sand-clay....... oe ee CO. OD bedkivanacks 56, 954. 92 28,477.46 
Oe Beth athnbid duoakincdvooeas a. Bo eee a | eee 341, 550. 00 170, 775.00 
69 | Transylvania.............-..... 9.50 | Sand-clay or gravel................ OM. OE hacnvinscee | 72, 445.95 36, 222.97 
ak ees co ae ree ewes ae gee 169, 587. 00 84, 30) 
72 | ANSON. . .........2..-eeeeeeeeee 5.93 |..... SS Seen Sk | eee 54, 724. 56 27, 362. 28 
SE ec nctigGcvniuwsddebeestinwe 9.10 EET Spee, SA = 3 ee 143, 085. 07 71, ov 
De p50 +36 caver cevacnvceias CP bivens De eepeeen: LER EES iy! Se RRS 69, 113. 22 34 6l 
i naa bvnddueetwkedcnnwedd | 1.35 PO eee SRS | lg) RR | 47,910. 50 23 6l 


1 Modified agreements. Amounts given are increases over those in the original agreements. 
? Modified agreement. There is a decrease in the mileage, but increases in the estimated cost and Federal-aid allowance in the original agreement 





















31 
FEDERAL AID PROJECT APPROVALS AND AGREEMENTS 





OCTOBER, 1919—Continued. 





: Project 
: Project Fett 
Project . i Length nics . nt? rk. tt sgree- Estimated ~ 
State. Mo. County. in miles. l'ype of construction. ose ment cost. Federal aid. 
Sy Ene! signed. 










North Carolina .. 77 + Rutherford.... 2.19 
































































































; Concrete : Oct. 20 ees $67, 548.03 $33,774.01 
89 Franklin and Nash.... 10.00 Sand-clay. Oct. & exe ‘ 71, 390. 28 35, 695. 14 
North Dakota... 21 Bowman. . ? 17.90 Graded earth Oct. 25 1 6, 638. 03 13,319.01 
54 Kidder.. , : 3.70 arth and gravel Oct 2 ne 12, 000. 00 6, 000. 00 
56 Stutsman..... 40. 50 Earth. Oct { 143, 000. 00 71, 500.00 
58 Sargent... 19. 50 ae Oct. 20 86, 000. 00 43, 000. 00 
59 Richland.... : 14. 50 a lo 52, 200. 00 26, 100. 00 
60 |.....d0 34.00 do... do 115, 600. 00 57, 800. 00 
64 Logan... obenniceucl See Oct 8 6, 600. 00 3,300. 00 
65 Stark... . oe do.. Oct. 28 8, 800. 00 4,400.00 
67) Trea... 5.00 Earth. Oct. 20 16, 500.00 8, 250. 00 
70 Nelson.. 5.50 a Se do.. 20, 570. 00 10, 285. 00 
72 Richland.... 18. 00 0... ac 54, 540. 00 27, 270.00 
cient wcsenena 19 Summit... 16.707 Brick. Oct. 3 905, 300. 00 213, 000. 00 
21 Guernsey “ ‘ 1.26 Concrete do 40, 600. 00 20, 300.00 
29 |.....00... 3.13 Grading, bridges and culvert do 119, 000. 00 59, 500. 00 
27. Hamilton..... 6.623 Asphalt, concrete or brick Oct 2 415, 400. 00 132, 400. 00 
32 Crawtord 2.726 Brick or bituminou Oct. 10 115, 500. 00 48, 500. 00 
37. Knox... 5.08 Concrete or brick Oct. 3 203,000. 00 50, 000. 00 
41. Trumbull 9. 88 Macadam or concrete do... 353, 000. 00 80, 000. 00 
45 | Lorain 1.206 Concrete i Oct. 25 49, 800. 00 6, 500. 00 
55 | Miami 3.59 do Oct ; 106, 000. 00 20, 000. 00 
56C | Montgomery 3. 096 do do. 98, 000. 00 25, 000. 00 
5AB .do 3.04 .do do 104, 100. 00 45, 000. 00 
59C | Fayette 4.11 Macadam or bituminou Oct 8 99, 400. 00 41, 100.00 
64 | Hamilton 5.994 Brick, concrete or bituminou Oct. 2 371, 300. 00 119, 800. 00 
47CEG | Logan 8.18 Concrete.... ; Oct 273, 100. 00 122, 900. 00 
71 | Darke 4.611 |.....do do 158, 000. 00 45, 000. 00 
72 do 4. 506 .do do... 129, 000. 00 45, 000. 00 ' 
73 ..do 4.317 — = do 178, 000. 00 45, 000. 00 } 
Oklahoma 18 Muskogee 38. 00 Gravel Oct 2 399, 300. 00 199, 650. 00 ’ 
Oregon 11 | Baker 4.43 Graded and drained earth Oct 2 56, 068. 10 25, 034.05 ‘ 
15 Harney 16.73 Gravel macadam. . Oct 217, 763. 70 108, 881. 85 
24 Gillian.. : 14.95 Earth... Oct. 23 ‘ 251,915.95 125, 957. 97 
25 | Sherman.. ‘ 14.70 do do 248, 050. 00 25. 00 
28 | Malheur..... ae 9.10 Gravel Oct 8 61,074. 58 7.29 
29 Coos and Douglas... 14. 20 Gravel or macadam Oct. 2 584, 056. 00 .00 
Pennsylvania. .. 20B | Adams, Cumberland and York.. 7.70 Concrete or bituminou : Oct. 25 327, 698. 80 00 
58 Fayette pao Se 4.982 Brick or concrete Oct 8 334, 930. 75 00 
Rhode Island. . 6 Providence.... 2.90 Bituminous Oct. 10 123, 310. 88 00 
South Carolina 2 | Spartanburg .- Concrete or brich Oct 6 11,310.10 51 
15 | MeCormick : ; ; . Bridge. Oct. 25 32,991. 24 . 62 
22 | Charleston 3.987 Concrete Oct. 24 151, 041. 42 . 66 
25 | Lexington wits ‘ 23. 97 Sand-clay .. Oct 8 ) 37 . 68 
27 | Spartanburg.......... 4.001 coe Oct. 2 . 19 
29 | Laurens ae a 14. 316 ..do Oct. 2 0. 91 
30 Pickens adie 5. 69 ae Oct. 20 7.44 
34 Chesterfield. .. 3.117 Gravel... Oct. 11 . 00 
35 sue : : 3.281 Sand-clay Oct. 23 . 00 
SS SEE 9. 787 .do O 10 . 00 
South Dakota. .. 13 | Davison 7a Sia 13. 95 Gravel : O 2 
20 | Walworth... : —s 17. 30 Earth and gravel Oct 2 
21 | Aurora... Re EER 7.76 Gravel : i 
3: i Met ee 28. 31 do.. 
23 | Jackson and Washabaugh a ; Bridge Oct 8 
oo Saaeeeee 27. 34 Gravel Oct. 20 
26 | Kingsbury............ 13. 41 do : Oct. 24 
27 Tripp : “es patie 6. 00 Earth. oO 20 
28 Charles Mix i kee 17. 54 Gravel Oct. 24 
Tennessee 3 | Franklin aides “s ... Waterbound macadam Oct 2 
4 | Moore and Rutherford...... Macadam and gravel.. io 
Yi 0 (ss |: aes 16.039 Bituminous etek Oct 3 
OU a te eee eee 19.539 Gravel... O 11 
14 Grainger, Hawkins and Sullivan 48.876 Macadam. . oO 2 
15 | Madison ant i eesti : ; os) BEOGNO.-. Oct. 13 
16 | Montgomery............ ; : ae ; Oct. 11 
Oe a a nila alk ciebaaa 13.245 Macadam... io 
Texas..... ; ‘ 43 | Tarrant Reoacate : 5. 80 Concrete = Oct 2 
oe 0 SSS 2 10.00 Gravel ; Oct. 31 
O64 | Van Zandt......... ; 9. 889 .....do ‘ Oct. 2 
et ON So caicccasineexccs a 10. 04 Gravel or macadam io 
86A) Montague... aliens vaaneaas 9. 839 | Gravel........ : do 101, 358. 08 | 50, 679. 04 
90 | Taylor.... Sah cing ie 20. 66 Earth and gravel Oct. 20 66, 128. 58 30, 030. 00 
91 . Fae : 2.908 | Gravel........ . Oct 2 13, 618. 48 4,950. 00 
95 | Red River.... 2.18 Concrete and gravel do. 30, 087. 88 15, 000. 00 
101 | McLennan 1.01 Concrete . . .. Oct. 31 41, 899. 00 20, 000. 00 
102 | Henderson. . 11. 66 Gravel Oct 3 108, 984. 06 30, 000. 00 
103 | Milam 9. 07 do. Oct. 31 40, 002. 60 20, 000. 00 
4 eee nee =. 2 ae DOaaviawe Oct. 2 . 83, 028. 00 41, 500. 00 
a i, | oe oe Oct. 31 ; 42,635. 17 21, 000. 00 
eit WR. cc cee BPe) |. Ais ccna. a Meseciscsekt 168, 364. 22 63, 500. 00 
“Us. eae awe 7S. eee | are eee OGs35. ; 72,170.01 36, 085. 00 
ee Rt So tek, Macrike s inaitnicie waceiac 2.35 Gravel or macadam. .. 1 Oct. 3 38,015. 01 19, 007. 50 
OY Ce, dic ccanlnhoneacneneeee 1. 40 Concrete or bituminous. wie . er 47, 973. 80 23, 986. 80 
Y ac wcaghen Ue ey 8. 03 Slag macadam.......... ; tenn] OR 87, 294. 68 43. 647. 34 
Uf ear ee 7. 50 Macadam... .. ee ee Oct 3 sate 130, 625. 00 65, 312. 50 
57 | EE a ss ccncsectveccssexsnskes aoe Ee ve asuveayes ae, 4 eee 57,970. 00 28, 985. 00 
en cee te chapemdeehades 2 2. _ see eee bes ee : : ee. @ iieoventan 87, 120. 00 43, 560. 00 
ashington....... Be RN gs resin Ue: 1 CID Go own sanenasaneanioncees Oct. 25 116, 682. 13 54,000. 00 
A NEE eee mee eased ” ENE Sepa eee Oct. 3 269, 130. 70 134, 565. 35 
B1 | LeWis........---+0- 20s eee eee eee cere eens ig eee Oct. 25 35, 076. 14 | 17, 538. 07 
SS Se rae ee eo. . coeckeus ce kinmoeuenes Oct. 3 141, 805. 00 | 70, 902. 50 
ee | Seo ene 6.62 |....-d0........... seases Oct. 20 226, 033. 84 113, 016. 92 
nnn cee ccaceccsevecesencensesses See Seer eerie Oct. 16 95, 229. 53 47,614. 76 
Sse aveeneewequsatenepenee TEE. | copula scndinlvekebebederebasnuersseesecawnbiunt ae, oO 105, 478. 05 52, 739. 02 
A eae a ee eee ee eee ee ee 158, 361. 96 79, 180. 98 
dgnbeaneeonnewwak ae RE ee ae eer Mer ee 130, 559. 93 65, 279. 96 
PS Se ee 2. 8: bit! a UN ain bccn Gree m aan em ee coe eanichiiiieaigwete ent Gaeninesee 84,65 42,325. 01 
pichuwe cegeutecccdmerosenes 4. eatedivd«séceceneecebstaeeedaweeewenant pisioue's } 000. 
9 


1 Modified agreements. Amounts given are increases over those in the original agreements. 
2 Revised project statement. Amounts given are increases over those in those in the original statement. 


































39 


Vue 
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Wost Virginia.... 29 Ritchie 5.00 Concrete....... , Oct. 14 $160, 654. 65 $41, 650. 00 
i455 Putnam 4.00 Brick, concrete or bituminou ? ‘ do 125, 152. 30 $8, 000. 00 
68 | Nicholas....... 2.00 Earth. ..... ' aire do 29, 229. 20 14, 614. 60 
73. Mineral ; 12. 00 ERs cctesaee _ a a eee 71, 534. 00 35, 744. 00 
79 Pocahontas 5. 57 Bituminous... CG, - Ee lesesenarse 84, 370. 00 42, 185. 00 
80 Marshall. . 485 Brick oe —— EE 23, 700. 00 » 700.00 
81 oa. Pee 1. 50 Concrete OeG. FP laccasscace 40, 360. 00 15, 360. 00 
82  Gilmer..... 10. 00 Earth ' eghicncalnencatied oi 57, 250. 00 28, 625. 00 
83 Lewis. , . 2.00 Brick or concrete RE RS &8_ 390. 00 18. 390. 00 
Wisconsin ; 66 Richland 1.41 Concrete Oct. 1 5, 412. 60 1,804.19 
Sl rrempealeau 4.74 Gravel — Oct. 13 68, 391. 49 22, 797. 16 
SS Saw ver *- 4. 315 E irth ee . ° Oct, 29, 457 29 J S19 iw 
22 Brown..... 5.14 Concrete Oct, 122, 617. 7S 40. 872.59 
m tock 5. 99 ..do ee 159, 842. 07 3, 280. 69 
100 (srant... e 1. 135 Earth... et c— /  e 27, 000. 00 +, 000.00 
103 Milwaukee 1.50 Concrete Oct. 14 44, 446. 6S 14,1 “ 
W yoming....... 6 Converse. 27.50 Earth oo | eee 27, 689. 00 23,844. 50 
7 Minta ‘ 1.50 Graded and drained earth ae ee 32, 242. 02 1,121 l 
8 Park.. Bridge 1o ee 28, 54. 52 4, 282. 2 
24 Lincoln 4.18 Earth : Oct. 3 37, 554. SS 18, 777. 44 
28 Sheridan 41.164 Macadam P Oct. 10 41, 574. 93 25, 787. 4 
sl Natrona 1. 218 Bituminous or rete Oct, 28 : Poe 170, O98. 50 77.710.00 
$ Lincoln.. 17. 49 Macadam. . . Oct. 13 131. 682. 35 65 84] 
Platte ; 12. 74 Gravel Oct. 14 102, 403. SS 1,201.04 
do 7.00 Earth Oct |) Saas 19, 690. 00 ) 84 w) 








eee Me lence 737. 046 





1 Modified agreements. Amounts given are increases over those in the original agreement ? Statements previously approved withdrawt 
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} Alabama........ 11 Lownde 0.75 Gravel Sept. 9 $28, 190. 31 $ j 
4 49 Limestone 1.97 do Sept. 2 53, 185. 89 m ' 
' 52 Calhoun 4. 00 Macadam ept. 4 : 53, 154. 2¢ 26.577 
7 e $4 | Cuosa....... ; 1.50 Sand-cla Sept. 1 at 7, 990. 4 3, 
. 66 Lauderdale 1. 96 Gravel Sept. 30 . 20, 558. 23 10, 279. 1 
; ASEAMNERS.ccccccces 23. Jackson ee 8. 85 — Sept. 11 86, 416. 88 10, OOO. Of 
: 27 Columbia... 14.03 Macadam Sept. it os i 53, SO7. 60 23, 046. 0. 
30 Franklin 23.79 Gravel. ‘ Ss ‘ 147, 571. 00 ) OOO. OX 
> 32 Hempstead 8. 07 ine Sept. dv :.... ine 76, 823. 01 25, 000. Of 
so California ......... 15 Monterey... i Bridge, concrete .. Spet. ll 285, 403. 5S 142, 701 
2) Lake.... 9. 3e Earth Sept. 2 116, S07. 02 8,354 
27 Tuolumne 12.79 Concrete. an Sept. 10 ee an 279, 152. 50 139, 57¢ 
. SP | Beeecccwccce we 6. 60 — 1o sii 147, 895. 00 73,947 
Ps 29 Amador 10.74 Earth ‘ lo a 71, 940. 00 70. 
. 30 Tuolumne ‘ 21. 90 Concrete Sept. 29 .. ¥ 452, 390. 40 2245, 19 
) Colorado. ......... 2 Huerfano-Los Animas ....----- Brick or concrete and grave me Sept. 26 239, 290. 71 119, 64 
4 stone or basalt base 
i 7A Montrose 2.102 Graded and drained earth Sept. 11 85 13, 037 
rf 13. Boulder . .417 Concrete. ... : Sept. 30 il 2 
: 14 .....do 504 |...-.40 P ‘ Sept. 27 7 10 
; 33 Larimer - 2. 766 |.....00 = owed Se] 2 eae 9 37, 491 
° Se | Pee cocescece : seclessaadanee Brides... cece t. 29 ”) 4,925. 0 
> Florida... 17 Manatee 10. 28 Brick or concret« s i 103, 825 
18 Putnam 12. 72 Asphalt or concrete Sept. 20 ) 151, 132.8 
19 Hamulton 7.12 Asphalt, brick or concrete io 86, 388 
Georgia. . fT = widens 6. 57 Concrete. St ae Sept. 2 Oo 80, 855 
Bl 2 NE on... ccacsieiniianeed beeel ewan sewers Bridge. ..... enue Sept. 5 00 110, 000 
re 16 | JeMTEPGOM .. ...cncecee 7.51 =e er Sept. 10 L olin 00 15, 000 
Tilinois....... 25 Kankakee and Iroquois......... .......... Bituminous, macadam, or concrete Sept. 3) 3. tt 11, 936 
BD \cuses Dn loweanbacewwnae 10. 70 — * pee aesavanwewas Bent. BD |..ccdeeces sO) 163, 735 
10 Willand Grundy 20. 80 Concrete. iinkacwanens Se 29 domes vie 0 360, 692 
1 Vermillion. ........ naw 19. 53 Brick... edetcuunme ict ee ee eee 419, 325. 00 200, 662 
Indiana...... ones BG.) Wiltbtawencxatasoneeus . , 4. 70 Asphalt, brick, or concrete Sept. 10 Fares HO 1, 792 
16 | Vanderburgh, Warrick, Spencer, 114.40 |.....do... sebacces 1o deccoons “| 00 2,111, 53s 
Dubois, Orange, and Law 
rence. 
17 | Lake, Porter, and Laporte 5. 70 ...-do ee 2, 202, 351. 00 1, 134, 000 
18 | Tipton and Howard . : 10. 00 Brick, concrete, or bituminou 429, 000. 00 200, 000 
PN dasvssiccte cs he Saeaeereer a va 12.15 ccc dacceweveceenss 132, 639. 23 28, 233 
320. Eee ate 7 Te Lacdgecacevewsndesdued a 1 67, 721. 50 23, 041 
O68 are 8. 46 Brick or concrete....... 400, 563. 62 169. 000 
61 | Cerro Gordo 6:@B j.cces Ee ae eee 242, 611. 60 120, 000 
SE 1) Peis tiesccccccesse ‘ Ge. icsasw tbAl6bandancwasueeene 337, 147. 25 130, 000 
CS a 1 See i a. ee eee 767, 828. 56 274, 342 
DD) Beicaccncee coses ‘ , 4.527 Gravel or macadam ae 87, 726. 28 43, 863 
29 | Dickinson.......... wri iadastedes 25. 07 Asphalt, brick, or concrete ‘ - 1, 119, 648. 47 376, 050 
31 | Geary and Dickinson shiothioneinea 31 0 See gion ..do isedtuskean 10, 971. 12 4,650 
SP | PNR. 2 cc cccccscse wanes 10. 40 Brick or concrete........ ase ot co asloceveseses 486, 670. 80 156, 000 
eee , oie 44.50 | Comcrote............00-- are Sept. 20 |... ..cceces 1, 622, 808. 00 667, 500 
7 36 | Cherokee Sccccvccceceve TOD \ccvecOe cscscesccccges 2 Sa Re eee 258, 656. 20 105, 000 
Kentucky......... fp) Se ibe 3.00 tock, asphalt, or bituminou ew Sept. 10 49, 981. 80 24, 990 
BF f Gnateesscccscdssweescncses wee 6. 60 ee Sept. 27 119, 925. 63 59, 962 
18 | Jefferson. . 4.50 Concrete... .. ee Sa ee 180, 000. 72 90, 000 
Louisiana......... an ae aurea deus 18.10 Gravel... ; i eee Sept. 29 200, 226. 40 100, 11 
OD | PRE cv actceccsncenscccecccce 13.568 |.....do. - ecoceee| SOpt, 30 135, 493. 09 67, 7At 
Maryland......... 2B | Prince Georges -91 Cement concrete. . coeee| SOpt. 20 26, 414. 85 13, 20 
1 Se acidic acdietievecccenocnnalovsociwderlerced Dg hose shainitns ttn Galen ood entails potest sae Sept, 16 1 43, 205. 75 1 23, 304 


1 Modified agreements. Amounts given are increases over those in the original agreement. 
2 Modified agreement. Amounts given are reductions over those in the original agreement. 
* Revised statement. Figures given are increases over those in the original statement. 








Maryland 











Massachusett 







Michigan 






Minnesota 
























Mississippi 





Missouri 












Montana... 


as 








FEDERAL AID 






Project 
No. 


County. 


(rarrett ‘ 
Baltimore and Hartford 
Charles 


oe ae 
St. Marys 
ee 
Anne Arundel 
° ao 

Essex 


Frankhn. 
Bristol... 
Franklin... .. 
Livingston. . 
Charlevoix 
Washtenaw 
Becker... 
Grant... 
Cottonwood 
Lac qui Parle 
do 
— ™ 
Beltrami. . 
Sherburne 
Dodge 
Big Stone 
Rice 
do 
Cook 
Martin 
° do 
Crow Wing 
Murray 
Morrison . 


Pipestone 
St. Loui 
Cottonwood 
Yellow Medicine 


Adams 
Jackson 
.do. 


Ripley ..... 
Randolph 
Cooper. 
Clay 


st. 








Nebraska. .. 
















Nevada 
yew Hampshire 















w Jersey 






W Mexico 










th Carolina 








Box, 
Chase and Hayes 
Casa and toe 
Butler... 
Furnas 
EET RC MIS 
Hitchcock and Red Willow 
Banner and Ocott’s Blut! 
ee ee ee 
Antelope ind Boone. 


Garfield, Greeley, and Valley .... 


Burt, Cumming, and Dodge 
Thomas 
Hall... 


Daws 






Cheshire and Coos 
Grafton and Hilisorou ch 
Merrimack... , 
Grafton and Merrimack 
Cheshire. .... 

.do 
Stratford 
Cheshire 
— ee 
Stratford 

do 


Merrimack : ts 


| Carroll. .. 


|} San Juan. . 


Hillsborough... 


° ao e ° 
Rockingham . 


-Uuo 

...do 
Grafton . . 

-* do. . “seee8 
Merrimack . 
Monmouth............. 
Middlesex and Union. 
Roosevelt... . 
ty Se 
San Miguel 
Mora.. cecese ecececes 
ee a ee ee ae 


Beaufort . . 











1 Revised statement. 
2 Modified agreements, 
8 Modified agreement. 





Length, 
in miles 












2.12 Concrete 
SS "xem do 
700 Gravel 
x) do 
6. 25 . do 
1.100 Concrete 
6. 50 Gravel 
1.00 Concrete 
1.794 Bitumine 
6. 36 Bitumin i gr 
2.756 Bituminou 
). 558 Concrete 
wii Gravel 
447 Concrete 
200 Concrete or bi 
Gravel... 
OEE ES do 
St aS ee do 
Ge leuwes do 
ie faceee do 
“i” tt See do 
29. 7 do 
6.51 Asphalt, br r 
6. 87 Gravel 
10. 50 do. 
8. GS jocese do 
1.31 kk 
1.50 .do 
5. 0 de 
100 aS dao 
t4 Concrete 
17. 70 Gravel 





1.13 .-do 

». 42 Gravel 

ee ts do 

11.0 — 3 

2.64 Concrete. . 

3. OF Bituminous n 

13. 50 Earth and gra 

1.75 Brick or concrete 
55 Bituminou 

13. 07 do 


ae Oe do. 
ioe lessen do — 
24. 70 Earth and sand-cl 
24. 20 Sand-clay 
25. &5 Earth..... 
13. 20 Earth and sand 
33.90 |.....do. 
vs @ Sa 10 
21. 20 Earth.. 
14. SU Sand-cla 
3. OO Gravel 


Con:rete 


59 Gravel 

95 Bituminous 

87 Gravel 
1.06 }4- do.. . 
1.25 Bituminous macad 

853 Bituminous 
1.25 Gravel... 
1.09 ..-do 
2.17 do. 

80 ..do 
1.22 — we 
1.10 . do.. 
1.27 Macadam 
1.34 Gravel 

59 nae." 
1.50 |. -@0.. 
1.136 ..do 


Bridge 
do.. 


ecesieos aS 
47 Gravel... 
11,328 | Concrete... 
3.55 ——r 
15.00 Gravel. ... 
4 sea SEE 
15.00 Gravel or macadam 
13.50 Gravel..... 
: eee 
17.00 a Cae 


2.20 Concrete. . 


l ype of construction 


PROJECT APPROVALS AND AGREEMENTS IN SEPTEMBER, 1919 


Figures given are increases over those given in the original statement 
Amounts given are increases over those in the original agreement. 
Amounts given are reductions over those in the original agreement. 





Continued, 





ree Estimated 


aoa pone: Federal aid. 











40. 268. 80 20, 134. 40 
132, 000. 00 66.000 00 
143, 000. 00 71, 500. 00 
117. 700. 00 58, 850. 00 
139. 179. 25 39,614. 00 
121. 000. 00 60, 500. 00 
{96 000. 00 180, 000. 00 
61, 136. 51 30. 568. 25 
129, 357. 69 64, 678. 84 
39 055. 50 19, 527. 75 
$14, 782.11 191, 160. 00 
IW 679.02 2 49, 339. 51 
161,073. 85 80, 536. 92 
8, 537.10 4, 268. 55 
21, 234.19 25, 069. 22 
29, 746. 28 15, 873. 14 
25.001. 75 12, 000. 00 
68. 213. 39 30, 060. 00 

» 620.35 4, 000. 00 
33 17 16, 000. 00 
§ ARN. OF 76. 000. 00 
229, 169. 24 114, 584. 62 
48,042. 89 1 23,631.92 
53,955. 00 26. 977. 50 
29, 865. 00 14, 932. 57 


; 
92, 529. 89 94 
61, 394. 83 30, 697. 41 
28, 292. 00 14, 146. 00 
6. 124. 20 28, 062. 10 
88, 578. 60 44, 289. 30 
24, 572. 21 162, 286. 10 










22. S828. 45 
2813.90 

2, 716.7 

2 87, 993. 21 
87.857. 00 

87. 348. 80 


73, 370. 00 36, 685. 00 
44.105. 60 22. 052. 80 
79. 200. 00 39, 600. 00 
113, 740. 00 56, 870. 00 
60. 500. 00 30, 250. 00 





42 407.0 l 400. 00 
> ~ 16,214.31 107.00 
> - 12,628.39 6,314.19 
™ p ), 892.52 4,946.26 
14, 749. 02 7,374.5 
19, 209. 77 ) 44088 
11. 665. OS 5,832. 54 
10,043. 5.021. 50 
11.905. 19 5,952.59 
20, ONG, Bt 10,0038. 18 
7,938.15 3,969. 07 
16,810. 97 8. 405.48 
15,984.10 7,992.05 
14,903.55 7,451, 77 
16.888. ( & 444.01 
7, 286. 51 3,643.25 
12,001 6.000. 77 
7.590. 44 3, 795. 22 
renee. 3,888. 50 
15, 000.0 7,500. 00 
13, 000. 00 5, 000. 00 
3, 812. 32 1,906. 16 
Sept. 5 2 76,918. 63 226,258. 76 
303, 185. 41 71,000. 00 
123,475.00 61, 737. 50 
22,353.00 61, 176. 50 
182, 593.13 91, 296. 51 
135, 303. 30 67,651.65 
LOS, 020. 00 54,010.00 
51,620.80 25,810.40 
Sept. 11 15,089. 62 44,000 
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Project . " Length, ay — nti Project agree- Estimated . ; 
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Noath Carolina ... ore ; 























































ca tereees 9.60 Concrete...... . Bet. 20 locvscss 325,608 80 $162,804. 40 
71 | D@ERAME. ........ cor ela-wecaieny tote 6.30 Bituminous... ee Bent. 26 tocsces. 236, 445. 00 
North Dakota....- I eta reawewindctneesirece saci Gravel ind earth. ; Sept. 26 17,495. 16 
A eae. mee 17.10 Graded earth... ‘ Sept. 2 20, 122. 58 
ae ee sdedevevscvcorese 5.02 GE ccccececs ae : do.. 36,935.71 
Be § MR ae Se ccedeeweuvnsseaeeees 24.04 Graded earth.. . ; . Sept. 11 87, 123.76 
3) OO SS eer pe 22.06 | Earth....... aseeied F Sept. 30 75,351. 40 
Pe De a teenwadteenne owns 4. 7. ae tes ton 4 wie amare Sept. 29 indnte 51,700.00 
49 Golden V alley alana aac iak ae > ) a “See ae asian Sept. 18 ee 26, 937. 58 
 f 0 — Ea eennnee : i fs a ini deka sept. 20 iouaen 8,030.00 
52 Grand Forks. ercicaceesessneneses .928 Concrete... neck cere bic Me Sept. 29 are 61, 160. 00 
Ot ME camcuceeveudcoesevacwevdes 5.50 OS = aude baimaiaiakan dusts 1o abet 11,990.00 
tt 6 orcs es avabees enews 5 3 eee © NE RE eee ire Coe ‘ lo ore 19, 800. 00 
QING... ccccccccces — ere 4.28 Bituminous, concrete, or brick Sept. 12 169, 000.00 
A, ee 3.257 | Macadam............ do.. 82,000. 00 
5e EE tec hii ad pe haeegeenn | 5.739 | Concrete.. ae : au Sept. 30 173, 060. 00 
S50AB | Fayette............ 8.69 M: icadam or bit umi ni US. . . --| Sept. 12 206, 000. 00 
Oe) GR ccancavendéeunees , 2.01 Concrete or bituminous... .. ° Sept. 4 tide 190,011.00 
GO | FRG 6. ccccicrccancccccsessces 2.48 | Macadam. marae seas : Sept. 23 Sched 43,835. 00 
| fe ee inéseOneeens 9.47 Con rete or macadam Sept. 18 220, 000. 00 
98 | Jefferson. ...-... ss daiaeld cia aiw aan 2.328 | Brick and concret , Sept. 25 109, 000, 00 
| Bee § IE occcwceccas éuveheusunns 6.16 Macadam. a Sept. 20 119, 000. 00 
| et I cen ernanncadenededudees 2.03 Brick or bituminous. . Sept. 29 | pies 90, 000. 00 
} ee ee ee 2.25 As pants or bric Runes Sept. 23 ; 59, 000. 00 
| oe se ovetandinla aramid @alnw wie 3.508 | Concrete... : Sept. 30 es &&_ 000. 
Oklahoma... .---- | S| GoW Bcc a cccccceese covccecs 15. 63 Bituminous pers Sept. 20 328. 313.51 
| 14 | Oklahoma.....- once eceeene .753 Con>rete... . Sept. 30 26, 626. 10 
Ore@OM.....-.ce0- | MO are 2.00 Bituminous... ; Sept. 25 50, 807. 57 
} Pennsylvania. ...-. Sk: eee ee 5.04 Brick... Sept. 2 260.853. 04 
: | 20C | Adams, Cumberland, York...... 4.60 Concrete or bituminous... . Yo 199, 765. 44 
s! OC Ee 2.588 Concrete... ; Sept. 12 133, 621.84 51, 760. 
i? 38 | Crawford.......-.---.....- wees 3.13 | Concrete or bituminous. . Sept. 11 130, 181. 2¢ 62, 600. 0 
;' 39 | Dauphin.....-...--.- ot ececcceee 6.397 | Concrete, brick, or bituminous do... 323,155. 20 127,940. 0 
*3 42 Union........-.---- wt eeeceeeee 2.55 | Concrete or bituminous... Sept. 12 0), 536. 47 45,268.24 
tf 46 | LARSCOGEE <6 ccccccccs = 4 2 9 =e See eae : Sept. 2 272, 000. 25 136,000.1 
27 47 | LiVOOMMIME, .<.cccccsccccces cece 7.44 Concrete....... plmmcen ecee Sept. 11 355, 113.78 154, 279.55 
«' 49 Dauphin ee ee wesbehquena 4.69 ee Tee ‘ Sept. 20 540.08 93, 800. 00 
*! RE ee 4.07 Concrete or bituminou Bocce .-| Sept. 11 178, 302. 23 84,360.01 
} [Gl Eee 5.975 Concrete or brick. ss ‘ : No 254. 820. 24 119, 506. 00 
7 52 | Northumberland............... 4.81 Brick, concrete, or bituminou -.. do... 219, 589. 16 96, 200. 00 
+! } 0 ere SE Lica bunch wacko naeedéawes Sept. 20 344, 861.88 118, 880. 00 
’, |) |S RR SSNS Se 2.819 | Bituminous or concrete. . - - Sept. 29 123, 063. 10 56, 380. 00 
} St Sl a. subvcdbsbectuvewnnewews 7.892 Brick or concrete........... Sept. 30 386, 357.73 157, 840. 00 
4 | DO ree De | Seer cceceee Sept, 12 263,572.21 114, 100. 00 
° | GP PR Ravccccccocenaswe cs) ee | Seer ee ; ? Sept. 29 $51, 264.88 148, 981.30 
7] } 61 NS be uci eciedigivie kyle wekdaeuee 6.065 |..... do. pe Sept. 12 321, 670. 69 124, 251.87 
oe | SEE ae ae ee 3. 298 Asphi ult, brick, or concrete. : do... 168,481.15 65, 960. 0 
33 } 63 | Susquehanna ............--....- } 5.745 | Conzrete.... — eee do 246, 040.41 114, 900. 1% 
: a er re re | 5.315 | Asphalt, bric k, or concrete......... oe 294, 214. 28 106, 300. 00 
| Ge b Weishinisenebekbibarcreduaers 6.201 | Brick or concrete.....-.- , Sept. 29 311, 605, 28 144, 573.4 
Rhode Island .. ---| 5 | Providenceand Kent........ ‘ Dt Eee perkiow ‘ , ie 34,529. 00 17, 264. 50 
e South Carolina... .| th... Se eee ioe Sih eos} BOpasoll..... — eon io. 1 7,442.82 1 3,721.42 
: Sl, eee SSE Pet. “eee Pee ns do... 1 11,044.38 15,522.19 
31 | Spartanburg............... eee 1.99 | Asphalt...... ot erecees oes Sept. 10 |..... 57, 749. 92 28, 874. oF 
s? South Dakota... .. 16 | Hughes....... ste nhetoneewe ees 17.83 | Earth and gravel otetees Sept. 29 70,367.88 35, 183.94 
| Deeb icnrinagihbhueneedtes 12.14 Gravel..... Sept. 27 |.. 73, 926. 60 36, 963. ¢ 
i | kc aindactndlebeamneneun BOGE lecucd . “ear , “ae 121, 369.05 60. 684.5 
} Firs 00-64 64548 8 WReR Ese oem ene 6.95 do Kneneeney Sept. 29 sm 60,414.75 30, 207 
5 Tennessee... ...-..-. | 1. See BW loses — ; Sept. 10 |... P 31,951.08 15,975 
| TOXAS......-.--+0- | SG | FOMSTSOM 2. ccc ccccccccescene|stccscscce Concrete... aes Sept, 18 }.......<+ 270,928.82 259, 4S. 42 
‘ | rr eee 9.269 | Concrete and macadam........ ..| Sept. 2 91, 280. 79 25, 000 
s) i Se ee 16. 21 Gravel..... ; esa Sept. 26 | 146, 506. 80 30, OO 
, | 8 eee D.FD jnccod do... ‘ Sept. 29 : . 43,999.08 10.000 
i OF | BURGOS. 2 ccc cccccccccceccccececes 10.33 | Gravel and concrete... fo. 99, 995. 62 37, 752 
+5 Oe FR ccc vec wccescesesescucns me! 3 0 = : Sept. 10 13, 663. 32 6, 500 
7 } fC eS ee | 13.36 | Concrete..... RE > A “< Sept. 18 aa 544,816.03 20), 000 
le ee ee A ee Sept. 26 me Pi 87,009.47 43, 502 
| I dendacaxwowenccudeeswns ‘ 13.69 |..... ae — —_ Sept. 19 Pay Si 119, O87. 54 35, 000 
Vermont.........- IN sec neke tate sant awaccos los panccan Bridge....... peaceamaie Sept. 11 1 25, 728. 44 1 1,363 
, 0 ee | 19 | Hanover and Carolina.......... ee Ree SS .-| Sept. 16 | 1 10,772. 28 15,386.14 
- 20. SESE ser See ene Bituminous ‘mac vadam...... : y rhs 18,548.85 14,274.4 
} ee rrr 1.50 | Consrete......... anes Sept. 12 49, 654. 44 24,82 
49 | Caroline and Spotsylvania. ..... .30 Bri ige and — shes .. Sept. 19 11, 569. 25 5, 784 
Washington....... DD kas ne dnoes Susecusseevacs Lwehuauewas Graded and drained earth, . : Sept. F | 137,441.80 118, 720 
| ft  - aes eee | 15.44 Sie sb tae pGbewwnnnas : Sept. 4% 1 45, 625.79 1 22,881 
BB ta nccu SE eee Mn ‘Tscadd cudinteunnetaewadatend aa ‘ a... 31,130.82 16,78 
| Jy 7 ae eee | Mee hivcod i icientbieandubiubehendkeue : a 168,821.25 84,41 
PD II. ocaccoccenasssascoteas a or "SE ARES SGN at oa ..| 8 46,999.15 3 23, 499 
Bf CD eiccnts«wsveseerouss sees } 7.83 | Gravel or macadam......-- Sept. 23 | 90, 755. 98 45,377 
| Se fe di seihuguctdawetunntcoeten | Oa bvescd "Se Sept. 2] 48, 695.19 24,34 
ee catteccbuccewceesics | | 2h eee eer Sept. 12 | 144, 494. 04 72, 247 
| yf ee — Oe, ene | eee fuwwed Deda Wecden ed vdieees > beat 128, 584. 28 64, 292 
BNE teat oatevscasersncsoxcien : =e do... Pencaencas eeastias .-------| Sept. 29] 199,292.26 99, 64 
i ty id vierwéiswedivawwaduiaie |) fae Re ere a ewaeneyy ae 208 , 120.32 46, 60 
| ik ob eee re } Oe. hiscey do.. Seite Seca ceworeees 7 a 88, 366. 41 44,18 
| a ere | a eee sgerdecncwcesasseesiecon do 121,93 
et SR asic tndcekeuawes tinue kaa eS Sept. 5 | 17, 7¢ 
2) = | 2.79 re eer : " BDicnnel 10,8 
| ebb iianccedensensades | J S  ° _ ole aie as ..| Sept, 39 | 109, 998, 0 54 OF 
Vcc) 6 AY MI eataccccccccvsvcccctassees x at: eee Sept. 29 91,115.62 30, 0 
ie dakecsonexés ats 3, 
bidvcaluctauddseadadsenes ; Asphalt macadam.......... ‘ 
SPS SIs 6 ec enncidncdciedeowcess 4.50 | Concrete...... See earn ; . Sept. 11 88, 654. 00 44, 
St Rec ncatenk xtawnadndacwte 1.43 | Bituminous..... Descuustmeeee ae : EE 4 ene « 17, 267.97 8, ¢ K 
ia brbebiewedddatepasedens ; | a 5. 


bieres~nseuntencweuden * | Bituminous.............--. 






1 Modified agreements. Amounts given are increases over those in the original agreement. 
3? Revised statement. Figures given are increases over those in the original statement. 
3 Statements previously approved withdrawn. 































FEDERAL AID PROJECT APPROVALS AND AGREEMENTS IN SEPTEMBER, 1919—Continued. 





Project . : Length, 
No. County. 


in miles. 


West Virginia .. .. Monroe.... 


Macadam 











Project Project 
ype of construction. tatement = 


Estimated 
ment cost. 
signed. 


Federal aid. 
spproval 








61 | Summers.... 6.00 Earth Sept. 10 9, 
64 | Jefferson. . 7.37 Bituminous Sept. 4 38, 
65 | Logan.... 1.30 Concrete . Sept. 2 9, 
06 | Wit...... 4.48 Earth Sept. 2 9, 
67 | Berkeley. . 8.00 Bituminous lo . 
68 | Nicholas... ... 2.01 Earth. . Sept. 10 ‘ 
69 | Braxton.... 9.60. -do... Sept. 2¢ 39, 
70 | Grant...... ae levees do do. 23, 
71 | Tucker.. Bee lesced do Sept. 27 28, 
a ee RO laces do Sept. 29 28, 
74 | Kanawha.... 2.60 | Concrete. . Sept. 27 Al, 
75 | Calhoun... 4.50 | Earth Sept. 30 4 
76 | Brooks..... : ee ; 1.00 | Concrete or bituminous do ; 
78 | Randolph... : 5.75 | Macadam... do $1, 

Wisconsin... 10 Walworth... Concrete . Se 2 13, 

45 Ashland..... 7.931 Earth Se 18 2, 
52 Lacrosse. . 1.39 Bituminous i, 
57 Shawano. 7.70 Gravel. . Ss 12 9, 
59 Jefferson. . 1.64 ee 10... < 
71 | Marathon. 4.94 Earth and gravel Sept. 11 : 

82 | Vernon.... 3. 28 Bituminous do , 4 
83 Jackson 2. 57 Earth... Sept. 30 > 
S Crawford.. 2. 26 a BA Sept. 20 8, 
8 | Lafayette... 3.47 —— S Sept. 30 3,58 
89 Polk and Burnett 8. 198 -do.. Sept. 12 5, 
93 | Marquette... 4.07 Sand-clay Sept. 30 8,3 
ae | ee eee cwsulchuenel sae Sept. 20 a7 
98 | Washburn.... .568 Earth. Sept. 12 Re; 
99 | Douglas and Washburn. 7.04 Gravel. ... Se 10 21, 
101 | Barron.. 4.253 | Earth. Sept. 29 14, ¢ 
102 | Waukesha 2.31 Concrete . . Sept. 10 19, § 
103 | Milwaukee... 1.50 eS | 14, 818. 

W yoming 23 | Niobrara .-| Earth. Se 26 11, 763. 45 
27 | Weston 12.614 Earth and gravel Sept. 30 44, 000. 00 
29 | Albany 26.57 Gravel. Sept. 30 67,274.52 
37 | Goshen... Pe Ninweclllseces Sept. 27 85, 867.10 
41 | Crook. Bridge Sept. 4 4, 895. 00 

2 | Sheridan 9.323 | Gravel. . Sept. 30 39, 985. 00 
47 | Fremont.. Bridge . . Sept. 29 7,150. 00 
Total.... 292 2, 231. 62 









1 Modified agreements. 
2 Revised statement. 


ROAD BUILDING IN ILLINOIS. 


Since last April Illinois has let contracts for over 
500 miles of concrete roads of the highest type, the 
total cost of which will be $16,380,000. None of 
this work comes under the Illinois State highway 
program to be carried out with the funds derived 
from the bond issue of $60,000,000 voted last fall. 
Included in the contracts are 89.44 miles of the 
Lincoln Highway crossing the northern part of the 
State from Chicago Heights to Clinton, Iowa; 59.15 
miles on Dixie Highway from Chicago to Danville; 
228.71 miles on the Chicago, Peoria, Springfield to 
St. Louis, highway; and 121.8 miles on the national 
highway from St. Louis to Terre Haute, Ind. 


A BIG COUNTY RECORD. 


In the year ending September 30, 1919, Kent 
County, Mich, built 189 miles of road, including 
21 miles of concrete, 7.75 miles of stone macadam, 
12.75 miles of stone base and gravel top and 147 miles 
gravel. Under the Covert law of Michigan pro- 
viding for State aid to roads, contracts have been 
let for 30.95 miles of concrete and 6.25 miles of 
gravel roads. The county spent during the year 
$56,392 for maintenance of highways. 


40, 701,324.13 | 18, 384, 499.13 


Amounts given are increases over those in the original agreement 
Figures given are increases over those in the original 


tatement 






OHIO ROAD CONSTRUCTION. 


According to State Highway Commissioner Taylor, 
Ohio has contracts under way covering 500 miles of 
road, of which the cost will be about $14,500,000. 
The largest mileage under contract at any time pre- 
vious was 371 miles in 1916. For the two years 
ending June 30, 1921, the State appropriation for 
main market roads is $2,255,500 and for the inter- 
county roads $6,466,500. The automobile license 
fees available for maintenance and repairs will 
amount to about $5,000,000. The Federal aid 
granted for 1919 and 1920 amounts to $10,205,625. 
The figures make a total of $23,927,625 for the Ohio 
State highway system. In addition to this the 
expenditures for construction and maintenance of 
county and local roads will be large. At the recent 
election 66 counties voted on special local levies for 
road purposes. 


CONNECTICUT FUNDS. 


The Connecticut State highway commission had 
made an allotment of $1,342,000 to the 147 towns of 
the State for the improvement of roads, exclusive 
of trunk lines and Federal-aid roads. To this 
amount the towns will appropriate $375,700. 
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ROADS FOR MOTOR TRUCK TRAFFIC. 


By C. J. Bennett, State Highway Commissioner, Connecticut. 














T IS hard for the high- 
way engineer to keep 






step with the advance 






in the design of motor ve- 





hicles. No sooner does he 
apparently solve the 
problem than his friends 






who are in the business of 








producing motor vehicles 
develop a machine which 







entirely revolutionizes 





conditions. 





Generally, in the design 
of this vehicle, no atten- 
tion is paid to the char- 
acter of the road over 






































>? which these units must 
i: operate. Considerable 
a; discussion could be rie™ 
aroused over the wisdom cgonstRucTION OF ROAD AT NAUGATUCK, CONN., IN TWO PARTS TO A 
i of designing motor trucks INDUSTRIAL TRACK FOR THE DELIVERY OF MATERIAL AND STONE 

and motor vehicles with eat 
; such a disregard for the conditions, but it is not the neer is forced to change his ideas and design for 
province of this article to originate such a discus- _ traffic which up to two years ago was almost beyon 
: sion, chiefly because the motor truck is here, and we imagination. 
: ; must redesign our roads to take care of this agency. HALFWAY MEASURES OF NO AVAIL 
- A discussion of the economic side of this question, It is the intent of this article to convince th: 
‘ as to whether it is right to design something that highway engineer that he is faced with a seriou 
i! problem and to show him 
, that halfway measures wi 
: not avail for its solutio: 
: Notwithstanding: restric 
; tions as to the weight, load 
; ing, size, speed, and widt! 
of motor trucks, these wi 








gradually increase, an 





there must be cooperation 






between the producer of 
these trucks and the high- 







wav engineer in order that 






the engineer may know 
the extreme limit beyond 
which he must not be re- 









quired to go in the design 
of highways. This dis- 






cussion will not includ 





discussion of road surfaces 
























Ss 
— necessary for passenger-c al 
= i } . 2} ~ > revs } ) 
COMPLETED ROAD, NAUGATUCK, CONN., WHICH WAS CONSTRUCTED IN TWO PARTS. traffic, since the road that P 
will serve the motor truck 
will take the place of railroad facilities instead of will probably well serve the passenger automobil t! 
trying to improve such railroad facilities, is also be- For purposes of argument, let us assume, therefore, e 
‘side the mark. Thus, there are many instances that the extreme weight of the motor vehicle, V 
where, contrary to his judgment, the highway engi- including the load, shall be 15 tons, that its width fe 



















that 
ruck 
il 
for 






shall not exceed 9 feet, 








and that its load per inch 
width of rubber tire shall 
not exceed 700 pounds. 
The speed of this ve- 
hicle should be restricted 


so that it would at all 
times be under reason- 
able control, particu- 


larly in sections where 


houses or buildings are 
close together along the 
borders of the highway 
over which the truck is 
to be operated. 

It will be noted that 
the limit of weight and 
size has been set quite 
high in order to do away 
with any objection on 












































that particular point 


COMPLETED ROAD, 
from the manufacturer. 


QUESTIONS TO BE SETTLED. 


We now have a statement of our problem which 
gives rise to three questions: 
First. What shall be the width of the road ? 


NAUGATUCK VALLEY, CONN., SHOWING INDUSTRIAL TRAIN USED DURING 








THE CONSTRUCTION 








opposite directions at high speed. For any highway 
in which the traffic exceeds the amount stated 
above sufficient width should be provided for three 
or four lines, adding 10-foot-width units at a time for 
each line of vehicles. 





























As was stated above, no 


























attention has been paid 
to the economic side of 
this problem or to the wis- 
dom of building roads of 
this character for aselected 
type of traffic. What we 
are attempting to do is tu 
state fairly what is neces- 
sary to accommodate the 
classification of traffic that 
already exists. 


TYPE OF ROAD TO BE 
USED. 








Answering the second 
question as to the type 
of road to be used, this 
question subdivides itself 








SECTION OF NAUGATUCK VALLEY ROAD, CONN., SHOWING THE FINISHED PAVEMENT 


second. What shall be its character both as to 
surface and foundation ? 

‘hird. What shall be done with the bridges at 
present existing ¢ 

Answering the first question, let us assume that 
the motor truck is to operate over a highway trav- 
ersed by a maximum of 4,000 vehicles per day. 
With reasonable traffic restrictions, a width of 22 
feet should be sufficient for this class of traffic. 
This will provide for two lines of vehicles to pass in 


(a) as to foundation and 
(b) as to surface. With 
traffic of the character and magnitude specified 
above, great care must be taken in the foundation, 
both for the road itself and for the road surface. 
In cases of difficult soil conditions, additional 
foundations must be added and drainage provided 
to carry away the water so that the general sub- 
surface of the road itself shall be uniform and 
sufficient to transmit the surface concentrated loads 
evenly to the earth beneath. It is evident, at least 
to the writer, that if the character of the traffic is as 
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stated above, any foundation other than a mono- 
lithic foundation would be unsatisfactory; that is, 
no loose stone foundation will be sufficiently strong 
at all times to carry the loads. Consequently, the 
foundation for the surface must be bound together 
with Portland cement or with a bituminous binder. 
Again, it is not the purpose of this article to specify 
any particular method of getting results. It is 
merely intended to generalize and point the way to 
success. 

(b) What shall be the type of road surface for 
this class of traffic? Here, again, we are faced 
with the necessity of securing a road surface which 
will stand impact from the passing loads and wear 
evenly under the stress of traffic. Consequently, 
no road surface should be installed for this character 
of traffic which does not closely approximate the 
surface of the highest type of city pavements which 
are now constructed. Such surfaces may be of 
brick, of concrete properly prepared, or of bitu- 
minous material, or even of granite block. In other 
words, in order that the roads which we build may 
stand the traffic to which they will probably be 
subjected, no pavement should be designed unless 
it is a hard surface pavement or can easily be tran- 
formed into such when the necessity arises. 


SELECTION OF ROUTE VITALLY IMPORTANT. 


It is, of course, idle to assume that roads of this 
character can be built everywhere. Consequently, 
the selection of routes for such traffic is of vital 
importance, and the road construction of this type 
should be concentrated on these routes, and con- 
versely the traffic itself should be required to follow 
the route. In other words, there should be a restric- 
tion as to the roads upon which the heavy motor 
trucks should operate. 

Answering the third question, in consideration 
of the bridges, this is a serious question because we 
have a large investment in highway bridges which 
are in fairly good condition and which were never 
designed for such heavily loaded vehicles as we find 
above. Many of these bridges, especially those of 
shorter span can be strengthened so as to carry 
these excess loads. The larger, and of course most 
expensive bridges, cannot be expected to stand up 
under these strains, and must be replaced with 
structures designed to meet the changing conditions. 
The construction of such bridges will mean an 
enormous expenditure of money, and great care 
should be taken in their design, both as to selection 
of type and execution of the work itself. The use of 
reinforced concrete is strongly recommended for 
bridges where it is possible to design such structures, 
and such bridges should not be designed without 
careful study and the knowledge of all the factors 
that enter into the problem. The width of these 
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bridges should be sufficient to accommodate at 
least three lines of vehicles and, on the important 
routes, four. 


MUST MEET PROBLEM FAIRLY. 


The above may appear to be a very extravagant 
statement of the needs of traffic at the present time, 
but the writer has come to believe that the motor 
truck is a vital part of our transportation facilities 
and that it has come to stay, and we must meet the 
problem fairly by designing for an extreme load 
approximating that stated above. He also believes 
that the motor truck manufacturer must restrict 
himself within the limits stated, and not attempt to 
exceed in any dimension the specifications made. 

The motor truck operator must also use judgment 
in the loading and operation of these vehicles and 
consent to restrictions both as to dimensions and 
routing, so that the general public welfare may be 
served. 


WISCONSIN COUNTY BONDS. 


Five Wisconsin Counties —Jefferson, Washington, 
Wood, Racine, and Green—voted in September in 
favor of bond issues for road building, the total 
amounting to $11,850,000. Rock County voted a 
$1,500,000 issue in April, making the total for the 
year $13,350,000. Propositions for bond elections 
are being urged to come before county boards in 
November, aggregating $32,000,000 in these counties: 
Dane, $10,000,000; Grant and Dodge, $5,000,000 
each; Walworth, $3,000,000; Brown and Waukesha, 
$2,500,000 each; and Douglas and Waupaca, 
$2,000,000 each. 

Racine County voted in favor of the bonds by a 
majority of 2,038, out of a total vote of 3,962, only 
one township casting an adverse vote. Washington 
County’s vote was 2,351 to 1,543, all the cities and 
villages but one favoring and 8 out of 14 townships 
voting yes. In Jefferson County the vote was 2,625 
for and 1,540 against, the cities and villages favoring 
and the townships voting against by a majority of 
178. Wood County gave a majority of 891 in a vote 
of 3,811, the country districts voting adversely by a 
smal] majority. In Green County the proposition 
for an issue of $3,000,000 was the constitutional 
limit. There was an active campaign, ending in a 
majority of 119 in a vote of 2,836. 


MAINE VOTES BONDS. 


On September 8 by a vote of about five to on 
Maine indorsed the proposal to raise the bonded 
indebtedness of the State for State highways from 
$2,000,000 to $10,000,000, giving an additional 
$8,000,000 to be spent on the State road system. 
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MOTOR VEHICLES AND THE HIGHWAYS. 


By WILLIAM D. SOHIER, former Chairman Massachusetts Highway Commission. 


OAD building is a constant evolution, because 
no sooner is the improved road built to 
carry a vehicle of a certain weight and size 

than the builder of the vehicles tries to increase 
both the weight and size. 

I personally believe that there should be a very 
stringent regulation and limitation on both the 
weight and speed, as well as the width, height, 
and length of the vehicles that are allowed to use 
our highways and bridges. 

I believe, also, that if heavy trucks are to be allowed 
to use the highways there should be some provision 
for routing them, so that they can not wander at 
will over our little country roads, destroying bridges 
and culverts, and tearing up roads that are now 
adequate for all local traffic. If heavy trucks are 
to use the highways they should be confined to using 
the main lines only, and only such weights should be 
permitted as can safely use the highways and 
bridges that 
great expense. 


have been already constructed at 


Otherwise we shall have a great many miles of 
road that it has taken many years to improve and 
build up destroyed, a great many bridges broken 
down, and even our main roads will be put out of 
commission, so that no one can use them for long 
periods of time. 


PAST A GUIDE TO FUTURE. 


In considering what traffic the highways will have 
to carry in the near future, we can only judge by 
our past experience. That the motor traffic will 
increase is sure. This is well shown by the following 
table, showing the increase in Massachusetts in 
motor vehicles in six years, in the number of opera- 
tors, and in the fees collected. 


Motor vehicles, and especially trucks, are constantly increasing. 


The increase in the number of motor vehicles 
‘egistered in Massachusetts indicates the increase 
in traffic. 






Per cent of 


| 1912 1915 1918 





increase 

} 6 years. 
omobiles and trucks. | 50, 132 102, 633 191,019 280 
dg ee 5,034 9, 520 12,708 150 
rators and chaffeurs......| 65, 600 133, 700 225, 272 240 
Motor vehicle fees.... $616, 236 | $1,235,723 | $2, 159, 257 250 


There are over three times as many automobiles 
and trucks registered as there were six years ago, 
over three times as many operators, and the fees 
collected are three times as large, this based on the 
Sttistics collected for 1918; and during the first 
nine months in 1919 over 209,000 automobiles and 
trucks have been registered. 


FEES PAY FOR MAINTENANCE. 


All the fees are spent in maintaining and improv- 
ing the main highways. In fact, last year we 
practically maintained all our main highways with 
the money collected from this source. 

How the truck traffic has increased is shown by 
the following tables 


Automobiles, trucks, and con ial vehicles. etc.. in Massachu- 


Per cent of 


1917 1918 increase, 

3} years 
rr 25, 5 2,676 171 
\u l 145,801 158, 343 } 
M 10, 95¢ 12,708 33 


A large number of trucks belonging to the Govern- 
ment, and also trucks owned in other States, are 
using our roads, so that the increase in volume of 
truck traffic is much larger than the foregoing 
figures indicate. 

The number of trucks and commercial vehicles 
registered has increased from 12,000 in 1915 to over 
39,000 in 1919, more than three times as many 
trucks as there were three years ago. 


CHANGES IN TRAFFIC. 


The change that has taken place in traffic is 
clearly shown by the following table. This is made 
up from traffic counts taken every three years from 
1909 to 1918. An actual count is made for 14 
hours a day for 7 days in August and 7 days in 
October. The table which follows shows the average 
number of vehicles that are using our main high- 
ways, and is based upon the average count in each 
of these years at 44 stations on main lines. 


Average daily traffic on main roads in Massachusetts. 


Per cent 

of in- 

1909 1912 1915 1918 crease, 
9 years. 





Light horse... 





—734 

ERORVY BOTH... 2.20200 iar Wace SS SS 72 43 —5l 
Total horse. ...... 179 156 112 67 —624 
Automobiles and light trucks 131 280 555 923 +604 
Heavy trucks........... 17 45 75 1 +341 
Total motors... , 131 297 600 998 +661 
Total vehicles....... 310 453 712 “1,065, +243 


In 6 ye 





This clearly shows what is happening on our roads. 
While the traffic has increased very rapidly, 
actually having increased over threefold in the last 
nine years, it is changing even more rapidly than 
jt is increasing, and the change is even more signifi- 
cant from the road builder’s point of view. 
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There were only one-third as many light horse- 
drawn vehicles in 1918 as there were in 1909. 
There were only one-half as many heavy horse- 
drawn vehicles. 

On the other hand, the number of automobiles 
and light trucks using our main highways has in- 
creased sevenfold in nine years. 


MOST IMPORTANT FEATURE. 


But what is even more important and makes more 
difference in the character of road which we must 
build and maintain, is the increase in heavy trucks 
In 1909 there were practically no trucks using our 
roads. In 1912 there was an average of 17 a day. 
In 1915 there were 45 a day, and in 1918, 75 a day, 
the counts being made at the same stations. In 
other words, the number of trucks using the main 
highways has increased four and one-half times in 
Six years. 

The change in the traffic is perhaps even more 
graphically shown by the following table of per- 
centages: 

Per cent of total traffic. 





1909 1912 1915 1918 
ER it Ci Cevidamisnknicassakeabaeseds 29 15 54 2 
I hii artic eave ac wir ace a a 28 19 10 rl 
PO icectscecesunes Laennee wns 57 34 154 6 
Ey Se ee ee ee 4 4 64 7 
PE cetitemiakigeedacbaadeoies skeveews 43 62 78 87 


It is astonishing, but true, that while horse-drawn 
vehicles constituted 57 per cent of all the traffic 
on our main highways in 1909, in 1918 the horse- 
drawn vehicles were only 6 per cent of the traffic, 
and motor vehicles, which were only 43 per cent 
of our traffic in 1909, were 87 per cent in 1918. 

We must not forget that the total traffic using our 
roads has increased over threefold. 

While the horse-drawn vehicles are to-day only 
6 per cent of the total traffic using our highways, 
the heavy motor trucks—to wit, over 1 ton not on 
pneumatic tires—have already become 7 per cent 
of the total traffic. 


WHAT SHOULD OUR HIGHWAYS STAND? 


Perhaps even more significant is the change in the 
last three years. During that short period of time 
both the automobile traffic and the motor truck 
traffic has increased 66 per cent, or an increase of 
about 22 per cent a year. 

With traffic increasing as it is, and especially the 
heavy truck traffic, we have now to solve the prob- 
lem of whether our roads can stand such traffic, and 
whether they can or should be so constructed that 
they will not be destroyed within a very short time. 

I should say that it was practically an impossi- 
bility for any rural community to furnish roads 
every mile of which could withstand the strain to 
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which they are subjected--unless possibly on a few 
main through highways, and even on those the 
weights should be sufficiently limited not to destroy 
a highway that is of as expensive construction as the 


community can afford to pay for and the ordinary 
traffic warrants. 

The weight and speed of trucks should be limited 
before the roads are destroyed, before highways that 
have cost the communities millions of dollars to 
build and which are entirely adequate for all the 
other traffic that uses the roads, are ruined, which 
would mean that they are of no use for any kind of 
traflic. 

WEIGHTS MUST BE LIMITED. 


Even in cities like London, experience conclusively 
shows that the weights to be transported over the 
highways must be limited, because in a great many 
instances 6-inch or even thicker concrete foundations 
have been shattered under a wood block or asphalt 
pavement. 

It needs no argument to show that we can not 
afford to construct such pavements even on main 
lines on all of our country roads, costing, as they 
would to-day, from $5 to $7 a square yard (includ- 
ing foundation) or from $50,000 to $70,000 for an 
18-foot hardened surface a mile. The cost is pro- 
hibitive on the country roads, even on main lines. 

To illustrate, in New England on many main 
through lines the best and most expensive surface 
that the community can afford to build is gravel. 
In New Hampshire and Vermont particularly a 
great many miles of their main highways are of 
gravel except near the larger cities. Often they have 
to be oiled, but they are very satisfactory for the 
motorists who use them. More than a thousand 
motors on a pleasant summer day is very common. 

However, if these same roads were used by a few 
5-ton trucks with 5-ton loads when they were soft, 
the work of many years would be destroyed, and 
these very satisfactory motoring highways would be 
almost worthless. 

The cost, use, and value received and paid for 
should be considered. 

As an example—in Massachusetts we have main- 
tained and improved every year, for several years 
a main through line 26 miles long by widening, sur 
facing, draining, etc., using a gravel surface an 
oiling it and keeping it constantly patched an 
maintained. Every year its condition is improved 


AS TO THE COST. 


This has cost less than $1,000 a mile a year, a! 
this highway has an average traffic in summer «! 
over 800 motors a day, with an average of abo. ' 
20 trucks a day. Calling it 1,000 vehicles a d: 
for 200 days a year, the average cost has been a 
half cent a vehicle a mile. 















Assuming that this highway were constructed of 
concrete, 6 inches thick and 18 feet in width, that 
it would be adequate for heavy trucks and would 
last 20 years: 

Such a highway at present prices would cost from 


$30,000 to $40,000 a mile to construct, including 
grading, drainage, etc. Assume you can borrow 


the money for 5 per cent on 20-year serial bonds: 


The average interest, say 24 per cent on $40,000 would be, 


Ee Sr ro nr Sree mere eee $1, 000 
One-twentieth of principal redeemed would be. 2, 000 
Call the annual maintenance per mile for gu wrdrail, 
shoulders, drainage, etc.. 100 
Yearly cost of highway......... as S200 
Gravel road, oiled, maintained, etc., per year... .. ~~ 1, 000 
Excess cost for truck road, per year..... aie. ge 


This extra yearly cost is for 1 mile of road to carry 
heavy trucks in addition to the lighter motors. 
Assume they use the road 300 days a year. 
would be $7 a day additional cost for 

traffic. 

If 20 trucks use this road daily, it would cost the 
community 35 cents a mile per day per truck. If 
100 trucks use the road it would cost 7 cents a mile 
per day per truck. 


That 
the truck 


WHERE THE BURDEN FALLS. 


Why should the community pay this additional 
cost of $2,100 a mile a year to enable a few users 
of the highway to transport excessive loads ? 

The cost must be paid by someone, and heavy 
freight should not be transported over highways 
unless on the whole it is economical for the com- 
munity. It is much cheaper to transport heavy 
weights on rails than to construct highways each 
and every foot of which can withstand a,weight of 
from 10 to 15 tons on four wheels. 

This gravel road to which I refer is the Newbury- 
port Turnpike, a main line between Boston and 
Newburyport. 

Another example tn the western part of the State, 
the Mohawk Trail, is on the main line east and west 
from Boston via Fitchburg, Greenfield, North 
Adams, and Williamstown. 

It was built over Florida Mountain with special 
appropriations by the legislature. ‘Twenty-two miles 
af that road is situated in three towns, Charlemont, 
Savoy, and Florida. A part of it is constructed 
vith a bituminous top, but probably even that is not 
strong enough to carry a very large number of heavy 
trucks heavily loaded—and by this I mean trucks in 
xcess of 24. or3 tons. The rest of the road is prac- 
ically a graded dirt road, kept constantly cited and 
inaintained. However, it adequately cares for all 
he present traffic, often over 1,000 motors a day. 


TOO MUCH FOR LOCAL COMMUNITIES. 


But before the construction of this road is com- 
| leted, with a reasonably good surface sufficient for 
all vehicles that will use it except for vehicles in 
excess of 6 tons including vehicle and load, the State 
Will spend at least $1,000,000 in the three towns 
nientioned, Charlemont, Savoy, and Florida. 

When you consider ‘that the total valuation of 
these three towns in which these 22 miles of road 
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which will cost $1,000,000 is 
$1,500,000 it 


located is less than 
self-evident that the local 
communities could not possibly construct any such 
road as that, 


becomes 


much less could they construct one 
to carry heavy trucks at probably twice the cost. 

It is costing about $750 a mile a year to maintain 
these 22 miles of road in these three towns. There- 
fore it is also self-evident that these towns can not 
afford to maintain a road 
that 


of even the character 
because it would require a tax 
rate of over $11 on all the property located in those 
towns to maintain that one road, 


nothing of all the other roads in the towns. 


is there now, 


even to say 


TRUE OF MACADAM ROADS ALSO. 


The facts I have given relating to a gravel road 
are also true of a vast number of the older macadam 
roads in this country. Massachusetts has a very 
large mileage of these roads built over 10 years ago. 
We are maintaining them, and can maintain them, 
with bituminous surface treatments and constant 
care and maintenance, for many 
1,000 vehicles or day 
$1,000 a 


years, to carry 
at a cost of $600 to 
even at present prices for 


more a 
mile a year, 
labor and materials. 

They are not strong enough, however, to with- 
stand large numbers of 5-ton trucks with 5-ton loads. 
To rebuild them all in a fe ‘Ww years is a financial 
impossibility. Meantime they should not be made 
useless because a few truck owners abuse them. 

Of course, it may be entirely possible, and prob- 
ably is, for some of our richer communities to Puild 
and maintain their main streets so they can with- 
stand heavy truck traffic; I might add that they 
not only can afford to this, but they can not 
afford not to do it. 

In Massachusetts the highway commission has 
constructed, or helped to construct, over 2,200 miles 
of improved highways on main routes. To con- 
struct these of concrete, even at $30,000 a mile. 
would cost $66,000,000, whereas our net debt for 
State highways and State-aid roads is to-day under 
$6,000,000, many roads having been improved by 


cooperative work and by use of the motor vehicle 
fees. 


do 


URGES LIMIT OF WEIGET. 


We can not now afford to increase our expendi- 
tures tenfold, and even if we did, and after we had 
reconstructed these 2,200 miles of road, there 
would still remain 15,000 miles of country road 
which must be maintained as dirt or gravel roads 
for a good many years to come. 

[ do believe, however, that the main through lines, 
especially between large centers of population, 
should, when they are constructed or reconstructed, 
be built of a permanent form of construction and 
designed to carry reasonably heavy loads, but never 
excessive loads. There should be an absolute limit 
of weight beyond which the makers of motor 
vehicles and the users of the highways should not 
be allowed to go. Meantime, until they are con- 
structed or reconstruc ‘ted, the users of the highways 
should be restrained by law from destroying our 
improved roads. 
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TRAFFIC CENSUS SHOWS VALUE OF 
PAVED ROADS TO LOS ANGELES. 


By JOHN C. VEENHUYSEN, Superintendent of Roads, Los Angeles County, Calif. 


RAFFIC census of our main highways has 
been taken ever since our road department 
was organized in 1914, with the main 

object to watch and measure the increase in traffic 
due to the improvement of highways as well as to 
the increased use of motor-driven vehicles, and to 
the gradual development of the country through 
which these roads are ‘located. Also, the idea 
prevailed that it might be possible to show some 
fixed ratio in maintenance expenditures of paved 
roads with the amount of traffic they carry, but 
ultimate results have shown that such was not 
borne out by the facts—at least, not when such 
roads are kept in continuous repair, preventing any 
serious damage on account of neglecting smaller 
defects due to wear and tear of the traffic. 

In taking up the matter of paved roads in general, 
we must necessarily look into their reason. Some 
of our roads are of general importance, as direct 
commercial highways, connecting densely populated 
centers of habitation or export and import termini, 
such as Los Angeles and Long Beach Harbors. 
Some are rural highways, where there is a well- 
fixed traffic of field and dairy products in a certain 
direction, with a variable amount of local traffic 
over intermediate sections of the road. Some are 
highways mainly used for pleasure, incidentally 
used for local traffic or commercial character. 
Some highways have a steady traffic during the 
whole year, especially the first-named commercial 
highways, whereas some have a very variable 
traffic, depending on seasons and crop movements. 


METHOD OF TAKING THE CENSUS. 


It is not possible to establish a correct average 
traffic over a highway of any considerable length 
where it is receiving traffic from feeders or where 
traffic is not carried over the full length of the 
road on account of it being crossed by secondary 
roads which absorb part of the traffic going or 
coming in a certain direction. For that reason 
we have established fixed points of vantage from 
where our census is taken for each road, and we 
take the exact count of vehicles passing that point 
for seven consecutive days in shifts of eight hours 
for each day. The count is taken by hours and is 
so segregated, in order to show the fluctuation of 
traffic. Standard weights have been adopted for 
the classes of vehicles, and these standards are very 
conservative and only accepted after study of the 
types of the various vehicles which are most com- 
monly used. The data so collected is averaged for 


the seven days, as to number of vehicles and the 
corresponding weights. By platting the traffic 
curves for each road, we find that each road repre- 
sents a different curve depending upon the special 
character of the traffic and local conditions, showing 
wide variation in the time of the peak of traffic 
on various roads and the shifting of this peak to 
different hours in sucteeding census on the same 
road. Another feature is the regular, steady 
decrease of horse vehicles and a material increase 
of motor trucks as freight carriers. 


FIGURES FOR FOUR HIGHWAYS. 


Under following are some of our traffic data: 


Harbor Boule vard, connecting Los Ange les City u th Na Pedre 
Harbor.— Macadam road, traveled width 4 feet, length 11 nil 
between ety limits -In operation since March, 19]? 

Average daily number of vehicles tra 
eling 
Average 
Date of census traflicin tons 
per 24 hour 
. Motor- Automo Motor 
Horse evcles biles trucks 

Oct., 1914 2,857.41 237 124 910 21¢ 

Apr., 1916 2,977.66 77 110 1, 26 274 

Aug., 1917 , 4,376.12 83 118 2,598 28 

Apr., 1918 5,439.83 9 169 3.542 331 

PS 3. 6,043.41 24 102 3.600 42] 


Long Beach Boulevard. connecting Los Ange les ( uy ith cuy of 
Long Beach Macadam road, traveled width 16 feet, length 1 


miles between city limits.—In operation since March, 1911 
Average daily number of vehicles trav 
eling 
Average - 


Date of census. traffic in tons 
er 24 hours 
P Fs Motor- _Automo- Motor 


Horse. cycles. biles. trucks 
SS err 1,933.68 69 76 1,109 121 
SS eee 3,213.83 24 93 1,630 206 
(SE 2,913.31 25 85 1,966 16 
_ » say a 5,176.25 28 93 3,483 267 
i}. hr 8,327.30 25 92 5, 682 38 


Both these are principally commercial highways 
Under following is a road which is principally 
pleasure road, with some mixed agricultural traflic 


Washington Boulevard, connecting Los Angeles City with city 
Venice.— Macadam road, traveled width 16 feet, length 9.16 mi 
between city limits.—In operation since July, 1911 


Average daily number of vehicles tr 


Average eling. 


traffic in tons 
per 24 hours 


Date of census 


Horse. Motor- Automo- Moto 


cycles. biles. truck 
Aug., Pn aeescguedanes 4,105.58 54 159 2,972 S 
| eee 3, 753.72 97 89 2,471 
— = | eee 6,905. 71 53 188 5,341 
2 eee 8, 832. 80 41 86 6,946 

















Al 
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Following is a rural road, carrying principally 
agricultural and dairy products, in addition to local 
travel from Los Angeles City to the village of Downey. 


Telegraph-Laguna Road.— Macadam road, traveled width 18 fee}, 
length 4.58 miles.—In operation since August, 1913. 


Average daily number of vehicles trav- 


eling 
Average 


traffic in tons 
per 24 hours 


Date of census 


ne Motor- Automo- Motor 

— cycles. biles. trucks 
LS ere 574.42 98 31 284 19 
er 2,404.62 46 38 1, 587 131 
ee ; 3,064. 42 39 41 1,809 14] 


The above are samples showing traffic on roads of 
different character but of the same type of im- 
provement. 


THE SAVING OVER OTHER ROAD TYPES. 


To determine their economic value, we figure the 
operative income of the road on the basis of ton- 
nage of freight moved and miles passenger traffic. 
Our figures show that there is a direct saving in 
cost of hauling of 15 cents per ton-mile on paved 
roads against ordinary dirt roads, and after most 
careful consideration of all factors—economy in 
wear and tear of tires, engine and body of auto, 
fuel, lubricants, and especially saving in time— 
there is a direct saving of 2 cents per mile traveled 
by auto on a paved road against the ordinary dirt 
road, and that this saving is a very conservative 
average. The motor truck traffic reduced to ton- 
miles and the automobile traffic to miles traveled 
and computed on the basis of above figures of 15 
cents and 2 cents, respectively, will establish the 
operative income of the road. 

As our traffic, with rare exceptions, shows steady 
increase, we accept the traffic census taken as a 
basis for the coming year, in order to be conserv- 
ative, and therefore ignore the increase during 
that year. Even so, our figures show remarkable 
results. Of above mentioned roads, the Harbor 
Boulevard showed for year 1918 an operative income 
as follows: 


Horse traffic. . - - - ton miles. - 326, 675 
Motor truck traffic... ... do... 3, 421, 086 
Total...........-d0.... 3, 747, 761 at $0. 15... .$562, 164. 10 
Auto GAEIC. .<s0xs-0-s miles. .14, 647, 763 at 0.02.... 292, 955. 26 
ey ig wi Ak aie GEE ik SIE ee RN eee eS 855, 119. 36 


ECONOMIC VALUE TO THE PUBLIC. 


\s the cost of improving this road and mainte- 
nince since it came into operation up to January 
1, 1919, has been $364,434.10, the result obtained 
is such that there can be no doubt whatsoever as to 
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the economy of road improvement to the com- 
munity. 

The fact that this is not readily recognized by 
the public at large is due to the condition that this 
operative income does not show up in revenue, but 
in saving of expenses to the public without their 
directly realizing it. Lower cost of transportation 
is reflected in lower prices, economy in time of 
transportation brings dairy and agricultural products 
to the markets in fresher condition, and the public 
become gradually so accustomed to these conditions 
that they forget about it. 

Road improvement as a means of development of 
communities and suburban districts is a 


a factor so 
well known that 


mention is hardly necessary. 
Especially in the suburban rural districts in this 
county there has developed along these improved 
roads a method of disposing of agricultural prod- 
ucts —vegetables, fruit, etc.—to the passing traffic, 
which has become a matter of importance and can 
not longer be ignored. This method of disposing of 
and acquiring these products is greatly appreciated 
by buyer and seller—the buyer acquiring them 
fresher and at no higher cost, and the seller dis- 
posing of them with less trouble and greater profit. 
It may decrease, to some extent, freight traffic but 
again it increases passenger traffic, and therefore 
becomes another factor influencing the traffic condi- 
tions on some of our principal roads. 


A BIG COUNTY PROGRAM. 


The supervisors of Wayne County, Mich., have in 
mind the construction of 350 miles of concrete high- 
ways, which would be 25 per cent of the roads out- 
side the cities, and estimated to take care of 80 per 
cent of all traffic in all weathers. At the present 
rate of construction it would take from 12 to 15 years 
to build this mileage, and it has therefore been recom- 
mended that the half-mill county tax for improved 
highways be restored. This tax has not been levied 
for two years, maintenance and repairs having been 
cared for out of the county's share of automobile 
license fees. It is estimated that it will cost $1,500,- 
000 to bring the bridges of the county up to modern 
requirements. 


IDAHO HIGHWAY FUNDS. 


So far the counties and special districts of Idaho 
have voted for highway bonds to the amount of 
about $10,000,000, and it is estimated that when the 
bond-voting campaign is completed the total will 
run up to about $15,000,000. Federal aid will add 


several millions to this. Most of this money will be 
spent in 1920. 

















NOTE.—Applications for the free publications in this list should be made to the 
os of the Division of Publications, U.S. Department of Agriculture, Washington, 
Applicants are urgently requested to ask only for those publications in which 
they are paeticulariy interested. The Department can not undertake to supply com- 
lete sets, nor to send free more than one copy of any publication to any one person. 
he editions of some of the publications are necessarily limited, and when the bh depart- 
ment’s free supply is exhausted and no funds are available for procuring additional 
copies, —— are referred to the Superintendent of Documents, Government 
Printing Office, this city, who has them for sale at a nominal price, under the law of 
January 12, 1895. Those publications in this list, the Department supply of which is 
exhausted, can only be secured by purchase from the Superintendent of Documents, 
who is not authorized to furnish publications free. 


REPORTS, 
Report of the Director of the Office of Public Roads for 1916. 
Report of the Director of the Office of Public Roads for 1917. 
Report of the Director of the Bureau of Publie Roads for 1918. 
Report of the Chief of the Bureau of Public Roads for 1919. 


BULLETINS. 
(In applying for these publications the name of the office as well as the number « 
the o_o should be given, as ‘ Office of Public Roads Bulletin No. 28.’’) 


*Bul. 28. The Decomposition of the Feldspars (1907). 10c. 
a Examination and classification of Rocks for Road 
Building, including Physical Properties of Rocks 
with Reference to Their Mineral Composition and 


Structure. (1911. L5e. 

*43. Highway Bridges and Culverts. (1912.) 5c. 

*45. Data for Use in Designing Culverts and Short-span 
Bridges. (1913.) loc. 


*48. Repair and Maintenance of Highways (1913 


DEPARTMENT BULLETINS. 
(In"applyi mg J for these bulletins the name should be given as follows: “Department 
Bulletin No. : 
Dept. Bul. 105. Progress Report of Experiments in Dust Pre- 
vention and Road Preservation, 1913 
136. Highway Bonds. 
230. Oil Mixed Portland Cement Concrete. 
249. Portland Cement Concrete Pavements for Coun 
try Roads. 
257. Progress Report of Experiments in Dust Pre- 
vention and Road Preservation, 1914. 
"284. Construction and Maintenance of Roads and 
Bridges from July 1, 1913, to December 31 
1914 10c. 
347. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 
348. Relation of Mineral Composition and Rock 
370. Structure to the Physical Properties of Road 
Materials 10c. 
373. Brick Roads. 
386. Public Road Mileage and Revenues in the 
Middle Atlantic States. 
S87. Public Road Mileage and Revenues in the 
Southern States. 
388. Public Road Mileage and Revenues in the New 
England States. 
389. Public Road Mileage and Revenues in the Cen- 
tral, Mountain, and Pacific States, 1914. 
390. Public Road Mileage in the United States. <A 
Summary. 
Economic Surveys of County Highway Improve- 
ment. 
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107. Progress Reports of Experiments in Dust Pre- 
vention and Road Preservation, 1915. 

414. Convict Labor for Road Work. 

463. Earth, Sand-Clay, and Gravel Roads. 

5 The Expansion and Contraction of Concrete and 

Concrete Roads. 

537. The Results of Physical Tests of Road-Building 
Rock in 1916, including all Compression Tests. 

555. Standard Forms for Specifications, Tests Re- 
yorts, and Methods of Sampling for Road 
Materials. 10c. 

583. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 

586. Progress Reports of Experiments in Dust Pre- 
vention and Road Preservation, 1916. 

660. Highway Cost Keeping. 

670. The Results of Physical Tests of Road-Build- 
ing Rock in 1916. 

691. Typical Specifications for Bituminous Road 


Materials. 

704. Typical Specifications for Nonbituminous Road 
Materials. 

724. Drainage Methods and Foundations for County 
Roads. 


* Department oupply exhausted. 


. Be. 


ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS. 


*9(), 


*92 


*94. 


98 


of Public Roads, and should be 


. Progress Rey 0 


338. Macadam Roads 


OFFICE OF PUBLIC ROADS CIRCULARS. 


(In applying for these circulars the name of the office as well as the number of the 
etroutar should be given as ‘ Office of Public Roads Circular No. 89.’’) 


89, 


Progress Report 
tives, 1907. 
Progress Report ot 


of Experiments with Dust Preventa- 


Experiments in Dust Prevention, 
Road Prservation, and Road Construction, 1908. 5c. 

Progress Report of Experiments in Dust Prevention and 
Road Preservation, 1909. 5c. 

Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1910. 5c 

rts of Experiments in Dust Prevention and 

Road Preservation, 1911. 





*99. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1912. 5c. 
*100. Typical Specifications for Fabrication and Erection of 
Steel Highway Bridges. (1913.) 5e. 
OFFICE OF THE SECRETARY CIRCULARS. 
Cir. *49. Motor Vehicle Registrations and Revenues, 1914. 
a 
)2. State Highway Mileage and Expenditures to Janu- 
ary 1, 1915 
59. Automobile Registrati« Licenses, and Revenues 
in the Unit at States, "1913. 
62. Factors of [eyes nt to States under Federal 
Aid Road Act Appropriation for the Fiscal Year 
1917 
63. State Highway Mileage and Expenditures to Janu- 
ary 1, 1916. 
65. Rules and Regulations of the Secretary of Agricul- 
ture for Carrying out the Federal Aid Road Act. 
*72. Width of Wagon Tires Recommended for Loads of 
\ arying ee on Earth and Gravel Roads. 
73. Automob Registrations, Licenses, and Revenues 
in the 1 nited States, 1916. 
74, State Highway Mileage and Expenditures for the 
Calendar Year 1916. 
77. Experimental Roads in the Vicinity of Washing- 
ton. D. ¢ 
FARMERS’ BULLETIN. 
The Farmers’ Bulletins are as s of popular treatises issued by the Department 
Agriculture. The following list lu 


y numbers contributed by the Office 
numbers, as “ Farmers’ Bulletin 





05. Benefits of Improved Roads 


The Road Dr: 


SEPARATE REPRINTS FROM THE YEARBOOK. 


(In az pplying for these separates th 
No. 638.’’) 


0, No. 5, D-12. 


.17, No. 4, D-16 





, No. 19, 


5, No. 20, D-4. 


the numbers shoud be given as “* Yearbook Separate 


Sep. *638. State Management of Public Roads; Its Devel- 


opment and Trend. 5c. 
727. Design of Public Roads 


739. Federal Aid to Highways. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL 


RESEARCH. 


, No. 17, D-2. Effect of Controllable Vanabies Upon the 


Penetration Test for Asphalts and 
Asphalt Cements. 

D-3. Relation Between Properties of Hardness 
and Toughness of Road-Building Rock. 
\pparatus for Measuring the Wear of Con- 

crete Roads. 


5, No. 24, D-6. A New Penetration Needle. 
}, No. 6, D-8. Tests of 


Three Large-Sized Reinforced- 
Concrete Slabs under Concentrated 
Loading 

Influence of Grading on the Value of Fine 
Aggregate Used in Portland Cement 
Concrete Road Construction. 1l5c. 


.10, No. 7, D-13. Toughness of Bituminous Aggregates. 
Vol. 11, No. 10, D-15. 


Tests of a Large-Sized Reinforced-Concrete 
Slab Subjected to Eccentric Concen- 
trated Loads. 

Ultramicroscopic Examination of Dis- 
yerse Colloids Present in Bituminous 
Road Materials. 


= Department supply exhausted. 





